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PREFACE. 

There are numerous hand- books extant treating of almost 
every branch of the practical application of electricity save 
that u'hich may be termed * 'domestic electricity." The only 
book in the English language, which considers this subject 
in any measure, is a translation from the French of ** Do- 
mestic Electricity for Amateurs" by E. Hospitaller, and it 
was written, as the title indicates, not for professional elec- 
tricians and bell hangers, but for amateurs seeking recrea- 
tion in experiments or in minor domestic work of this 
character. 

The intention of this book is to give practical informa- 
tion and suggestions not only to the profession but also to 
that large and constantly increasing class of persons to 
whose care batteries, electric bells, annunciators, alarms, 
gas lighting apparatus and the wide range of applications of 
electricity considered in this treatise, are intrusted. 

The use of technical phraseology, scientific terms and 
mathematical formulae has been almost entirely discarded, 
and the description of the various forms of apparatus has 
been limited to the most important, and to such as are in 
use in the United States. 

The author desires to make acknowledgment of favors 
extended him by various electrical supply companies, and 
to state that in the preparation of this book he has con- 
sulted the following publications, which are heartily recom- 
mended to the reader: "Elementary Lessons in Electricity 
and Magnetism" by Silvanus P. Thompson; Munro & 
Jamieson's "Pocket-Book of Electrical Rules and Tables"; 
E. Hospitaller's "Domestic Electricity for Amateurs"; L. 
Scharnweber's "Elektrische Haustelegraphie," and the 
Western Electrician. 

F. B. Badt. 
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Chapter I. 
Contact Series. 

Two dissimilar metals brought in contact produce oppo- 
site kinds of electricity on the two surfaces, one becoming 
positively (+) and the other negatively ( — ) electrified. 

In the following table metals are arranged in such a 
series that each becomes positively electrified when placed 
In contact with one below it: 

Contact Series of Metals in Air, 

Positive (+) 

Sodium 

Magnesium 

Zinc 

Lead 

Tin 

Iron 

Copper 

Silver 

Gold 

Platinum 

Graphite (carbon) 

Negative ( — ) 

Chapter II. 
The Voltaic or Galvanic Cell. 

To make a simple voltaic or galvanic cell, place in a 
glass jar water, acidulated with a few drops of sulphuric 
acid, a strip of zinc, and a strip of copper. This cell is ca- 
pable of generating a continuous flow of electricity through 
a wire, whose ends are connected to the two metal stri^. 
See Fig. i. 
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Chapter III. 
Generation of Current. 

The current in such a cell, as shown in Fig. I, Btam 
from the positive zinc plate, flows through the fluid to the 
copper plate, out through the external circuit and back to 
the zinc plate. The capper strip, whence the current starts 



FIG. 
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( journey through the txhnial circuit, is called the 
fall (+) ami the zinc strip is called the nrgativt 
\ Wlii-n the f!ilenial circuit is broken no current 
flows, but still the wire connccled lo the positive pole (cop. 
per plate) is called the p.jsitive wire, anil the wire connect - -* 
to the zinc pole Ilie ncfj.itive wire. As in almost all co 
nlercial batteries zinc is used as one pole, it ma)' be well 
nmember tb»t the ziiupoU is aWajs the negating pole. 
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When the current flows, the zinc strip is observed to 
waste away. Its consumption furnishes the energy re- 
quired to drive the current through the fluid from zinc to 
copper, and through the external circuit. At the same time 
it will be noticed that a few bubbles of hydrogen gas ap- 
pear on the surface of the copper plate. Both these actions 
go on as long as the wires are joined to form a complete 
circuit. Thus the production of an electric current by a 
voltaic cell is always accompanied by chemical action in 
the cell. Zinc and the other metals which stand at the 
electro-positive end of the contact-series will be dissolved, 
while the electro-negative substances — copper, silver, gold, 
platinum and graphite — will not be attacked. 

A piece of quite pure zinc when dipped alone into dilute 
sulphuric acid is not attacked by the liquid. The ordinary 
commercial zinc, however, is not pure and will be dissolved, 
a large quantity of hydrogen bubbles being given off from 
the surface of the metal. 

As shown before, when the current flows through the 
cell and chemical action commences, the bubbles of hydro- 
gen are evolved not at the zinc plate, nor throughout the 
liquid, but at the surface of the copper plate. This apparent 
transfer of the hydrogen gas through the liquid from the 
zinc to the surface of the copper plate must be borne in mind 
to understand the action of the different voltaic cells. 

Chapter IV. 
Local Action. 

When the circuit is not closed, the current cannot flow 
and there should be no chemical action. The impure zinc 
of commerce, however, will continuously dissolve in the 
acid and give off hydrogen bubbles. This is called local 
action. It is caused by impurities in the zinc, such as par- 
ticles of iron or other metals which behave in contact 
with the particles of zinc and the acid like miniature voltaic 
cells, and thus cause a constant waste of the zinc even if 
the battery circuit is open. 

To do away with this local action the zinc plates are 
amalgamated. The iron particles do not dissolve in the 
mercury, but are carried off from the surface of the zinc 
plate by the hydrogen bubbles. As the zinc in the amalgam 
dissolves, the film of mercury unites with fresh portions of 
zinc, and consequently always presents a clean^ bright s^vct- 
face to the liquid. The ama\gaina\.\oti ol \)afc x>s^^ ^-asje^ 
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may be very well done by first immersing the zincs in a so- 
lution of dilute sulphuric acid and then in a bath of mercury. 
A brush or cloth may be used to rub them, so as to react 
all points of the surface. When a large nifmber of zincs is t< 
be amalgamated, the following will be found to be a %QOt 
method: Dissolve eight ounces of mercury in a mixture 
consisting of two pounds of hydrochloric and one pound ol 
nitric acid; when the solution is complete, add three pounds 
of hydrochloric acid. The zincs are amalgamated by im- 
mersing them in this solution for a few seconds; they 
should then be removed to a vat of clear water and nibbed 
as in the first case with a brush or cloth. If the solution 
is kept in a covered vessel it may be used a number of 
times. 

Chapter V. 
Polarization. 

The bubbles of hydrogen liberated at the surface of the cop 
per electrode stick to it in great numbers, and form a film ovei 
its surface; hence, the effective amount of service of tht 
plate is very much diminished in a short time. This will 
cause an immediate falling off in the strength of the cur- 
rent, sometimes even stopping it entirely. A battery in 
this condition is said to be polarized. The effects of polar* 
ization are: First, it weakens the current by the increased 
resistance which it offers to the flow, for bubbles of gas an 
bad conductors; and secondly it weakens the current by 
setting up an opposing electromotive force, for hydrogen is 
nearly as oxidizable as zinc, and is electro-positive. 

It is, of course, very important to prevent this polarizai 
tion, as otherwise the current would not be constant. 

Various remedies are employed. These may be clasf 
as mechanical, chemical and electro-chemical. 

1. Mechanical Means. — The liquid may be agitated 
air may be blown through it, thuh preventing the hydro; 
bubbles from sticking to the positive pole. 

The surface of the latter may be roughened so the b 
bles will collect at the points and be quickly carried 
Example: Smee's cell 

Or the surface of the latter may be made comparati" 
large. Examples Law, diamond carbon. 

2. Chemical Means. If a highly oxidizing substa- 
added to the acid, it will prevent the formation of hj 
bubbles, as the oxygen of this substance will combi 

*be hydrogen and form water. Such substances are bid 
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Df potash, binoxide of manganese, nitric acid; chloride 
Df lime and chloride of zinc. These substances, however, 
tvould attack the copper, and they can only be used in zinc- 
carbon or zinc-platinum cells. Nitric acid also attacks zinc 
when the circuit is open and cannot be employed in the 
same single cell with the zinc plate. Examples of cells: 
Grenet, Grove, Bunsen, carbon, nickel-plating, Fuller, 
Leclanche and Gassner. 

3. Electro-Chemical Means. — Double cells can be ar- 
ranged in such manner that a solid metal such as copper 
Bhall be liberated instead of hydrogen bubbles. This en- 
tirely prevents polarization. Examples of cells: Daniell, 
gravity. 

A battery to be really good should fulfill the following 
conditions: 

Its electromotive force should be high and constant. 

Its internal resistance should be small. 

It should give a constant current and must therefore be 
free from polarization, and not liable to rapid exhaustion 
requiring frequent renewal of material. 

It should consume no material when the circuit is open. 

It should be cheap, and of durable materials. 

It should be manageable and if possible, should not emit 
corrosive fumes. 

No single battery fulfills all these conditions, however; 
some batteries are better for one purpose and some for an- 
other. Thus, for telegraphing through a long line of wire, 
a considerable internal resistance is of no great consequence, 
fts it is but a small fraction of the total resistance in circuit. 
For electric gas lighting or other low resistance circuits, on 
Ihe other hand, much internal resistance would be, if not 
absolutely fatal, certainly a positive disadvantage. 
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Chapter VI. 
The Smee Battery. 

This cell Fig. 2, iaanimprovemeaconthesira^leToltarinc- 
copper cell; it consists of two linc plates, formiogone pole, 
and one platinized silver plate the other pole, both dippii^ 
into dilute sulphuric acid. The polarization of this one- 
fluid battery is avoided by rough-coaling the silver plate 
with tinely divided platinum, which liberates the hydrogen 
bubbles freely; nevertheless, the current will fall off 
greatly after closing the battery for a few minutes. This 
battery is charged with a solution of one part sulphuric acid 
to seven of water The plates are connected to the clamp 
and placed m the jar In Ih « battery, above all, the pre- 




caution of amalgamating the 7inc should never be neg- 
lected. With an unamalgamated zinc the results are very 
unsatisf actor)'. 

Chapter VII. 

■ The Crenet Battery. 

The glass jar of this cell is generally made in the shape 
o( a bottle. A well amalgamated plate of zinc forms ont 
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pole, atid & pair of carbon plates, one on each side of the 
line, joined at the hard rubber top, forms the other po.e. 
In Fig. 3, the carbon plates are marked Cand thezincplate 
" The bottle is filled with bichromateof potash and dilute 
tphuric Bcid. [See electropoion fluid.] As this solution 
IS on the line ■when the circuit is open, Ihe zinc plate is 
:ed*o a brass rod. tiy which it can be dra«n op out of the 
f solution when the cell is not in use. It is almost the only 
single-fluid cell free from polarisation, and even in this 
form the strength of the current falls off after a fca- min- 
utes' use, oivingto the chemical reduction of the liquid. 




This battery is especially adapted for eiperimental S 
illustrative purposes. It occupi'es but little space, furnishes 
a great quanti^ of current, and, as the line can be raised 
I from the ttuiil, may be kept charged, ready for use, for 
many months, and can be set in action any time when re- 
quired by simply towering the brass rod whicli slides 
through the center of the cover of the cell, and to which 
the zinc is attached. For c^rming induction coils, which 
are freguentlyused tor electric ^33 lighting, and for cautcri- 
xailon in medical practice, it is uneqnaled. 

The battery is charged by pouring electropoion fluid into 
the cell until it reaches nearly tolheWj^cS fti&^doi>ss 
I and then drawing up the Biiic ami ip\acwi%'*wis2ni«6 
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in tlie cell The fluid should not be so high as to tooch 
zinc when the latter is drawn up. 

Elcdnpoiatt Fluid. — Recipe for electropoion fluid: - 
well 100 parts of water. I3 o( bichromate of potassii 
and 35 of sulphuric acid. The last should be ad 
Tcr^ E^owly as great beat is evolred in the operation. 

Chapter VIII. 
The Daniell Battery. 

Eadicellor element consiBtE^ot a glas; i-ef sel witban inn» 
and on outer cell, divided by a porous partition to keep ibr 
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separate liquids in th? two cells from misiog, Fie- 4. A 
copper cylinder is placed outside and a rod of amalgamated 
ainc inside the porous cup. The liquid in the inner cell il 
•iilule sulphuric acid; that in the ouler eel) a saturated soJffl 
lion of blue vitriol (sulphate of copperj. Some crystals^ 
esaaie substance are placed in a. p«taiil£d pocket W-^l 
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top of the cell in order tbat tbey may dissolve and replace 
that which is used while the battery is in action, Wben 
the circuit is closed the zinc dissolves in the dilute sulphutic 
acid, and liberates hydrogen gas. The gas, however, does 
not in this case appear in bubbles on the surface o( the cop- 

Eer electrode, as. by a chemical process, ttie freed atoms of 
ydragen traverse the pores ot the porous cup, and are ex- 
changed tor copper atoms. So while the /inc dissolves the 
copper grows, the dilute sulphuric atid gr idually changing 
into sulphate of zinc, and the sulphate of copper into sul- 
phuric acid. There is, therefore no polaniialiun so long as 
the copper solution is saturated ; consequenllj the battery 
is very constant. It is mainly used as a standard cell 
for electrical measurements and m telegniphv 

The directions for gravity battery, gnen later On, will 
apply to the maintenance of the Darnell 

CHAPTEk IX. 

The Grove Battery. 
This battery , Fig. 5, consists of a glass or ebonite jar contain- 
ing the amalgamated zinc cylinder and dilute sulphuric acid. 
In the inner porous cup a piece of platinum foil dips into 

«ntraled nitric acid. There is no polaniation, 

the hydrogen liberated at the lini^ plate, in passing 
through the nitric acid on its way tu the platinum pole, de- 




I, and is iti!clf oiidi^ed. producing 
n'and the red fumes of nitric [teruxide gas. This gas 
1 not produce polarization, as it is readily soluble in 
rnitric acid. The battery has both greater electromotive 
I force and lower internal resistance than the Daniell, and 
I will tliraish continuously for three or toui- hours a strong 
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Directions for setting Qp; The glass jar is filled with d 
lute sulphuric acid, about one part of acid to twentyfi 
water, and the porous cup, with fumiag nitric acid of abot 
40 degrees. The platinum plate being placed in the poro' 
cup and the ?.inc in the glass jar, the battery is ready for ut 
The plates should be temored and cleaned, and the nhri 
acid emptied out when the battery is not in use. The bi 
ing screws should be eiamiued, and the zincs amalgamata 
before again setting up the battery. 

The futnes of this battery are poisonous, and should q 
be Inhaled, 

Chapter X. 

The Bunsen Battery, 

This battery, Fig. G, is a modification of the Grow 
""he expensive platinum foil is replaced by 
^ IS carbon. 

The battery is set up in 
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Chapter XI, J 

The Carbon Battery. \ 

The carboQbatterj',Fig.7, is a modifioatioa of theBunsen. I 




f no, 8. — HICKEL-l 

Chapter XII. 

Nickel" Plating Battery. 

This battery, Fig, 8, also is a modifitat\Qn.ot ^^afi.■^^!(Miral. 



i 



Bell hangers- ii-and-rook. 

cell. It is ofgreat power, and is used for nickel and electro- 
plating, running small electric motors, etc. 

In ^tting up the battery, amalgamate tbe zinc^ thor- 
oughly, inside and out. Into each porous cup put two 
ounces of nitric acid, and half fill the cup with a mixture 
of equal parts, hy measure, of water and sulphuric acid. 
Place the carbon in ihc porous cup. and add the mixture 
it reaches theproperneigtit, as mentioned below. Put 
inc in the outer or glass jar, and fill to the top of tlie 
with a mixture of one part of sulphuric acid to twelve 
parts of water, previously mixed and allowed to cool. The 
fluids in the porous cup and outer jar should be of iJie 
height. When the liquid in the jar becomes milky 
replace it with fresh solution. 

Instead of nitric acid, electropmon fluid may be used in 
the porous cup. 

Chapter. XIII. 

FuUer'a Mercury Bichromate Battery. 

A solid, well amalgamated block of zinc put in the porous 

cup forms one pole ; a carbon plate in the outer jar the 

other pole. See Fig, 9. 
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Make a paste by mixing 
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in about equal parts by weight. Put about toii ounces ot 
'■ paste into the outside jar, pour over it two or three 
es of sulphiiric acid, and ^11 with water, liuo the 
porous cell pwiur a tablespoonEul of mercury, put the linc 
■ in place, and fill with water. The zinc should be lifted out 
' dxaaonally, and the sulphate washed off. Keep a supjr'y 
of mercury in the porous cell, so as to have the zinc al st /s 
'well amalgamated. 

This cell is largely used in telegraphy, especiallj' in 
Europe. It will stand longer L'ontinuo''s use than the 
LectaDuhe. but it is not so economical. 



The Laclanche Battery. 

Id this cell the exciting liquid is a solution of sat-ai 
niac. In this tbe zinc dissolves, while ai 
hydrogen are liberated at the carbon pole. 

To prevent polarization in the disque form, Fig. : 
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B«arbcHi plate 1s packed inside a porous tell with fragments 
i( cArbon and powdered binoside of manganese, which 
.Ipwlf yields oxygen, and destroys the hydrogen bubbles. 
, In the prism form, Fig. it, tbe blnonide at t 



is applied in plaques or prisms, thus avoiding the nCo 



of u 



cell. 



The Leclsnche cell will give a continuous current Only 
for a short time, the power falling off, owin^ to the acc-j- . 
loulation of hydrc^n bubbles: if the circuit is left open for 
a time the cell recovers itself, the binoxide gradually de- 
stroying the polarization. 

The cell is in other respects perfectly constant, 
clean, and as it does not require renewing for months cv 
years, when closed only for a few seconik at a lini' ' 




well adapted for working 
burglar alarms, and for other domestic purposes, 
batteries are set up in the following manner: 
Thi Dhque Form.~V<iX six oun ' ' 

the glass jar. (ill one-third full of ' 
Che porous cell and fill with wate 

riring a little water into the hole 
the zinc and connect the battery. 
The inside of the rim of the jar is parafiined, and 
be kept greased to keep the salts from creeping. 

The battery should be kept in a dry place of 
leraperature. It requires very little " '' 
be poured in occasionally to supply 
In case the solution becomes milky, and the tiattery fat 
I m>rk, the solution, should be tbrovD out and fresh 
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valer, put in. If this docs not resl 
baltery, soak ihe porous cell ia warm water. If it st 
new porous cells must be used. 

The Prism Farm. — In this cell the porous cup isH 
pensed with, an<i in its place is substituted a pair of iT 
pressed prisms or plaques, which arc simply nltached tol 
carbons by means of two rubber bands. The prism? 1 
farmed of a paste consisting of 40 parts binoxiJel 
mangauese, 53 parts carbon, 5 parts gum and 3 [>a| 
bisulphate of potassium. This paste is formed ' 
prisms under a pressure of about 4,000 pounds 1 
inch at the temperature of boiling ^at^r. in the late| 
prisms the bisulphate of potassium is omitted. 

When the elements have become exliausted from long si 
vice the prisms should be taken off, new prisms should t 
attached, and the batteiy set up as before, with n 
and fresh sal-ammoniac. 

Only pure aal-ammoniac and well amalgamated z 
should be used. 

Chapter XV. 



The Diamond Carbon Battery. 




iirface of Ihi; carbon eleetroile is greatly 
, and the line electrode kept very small. Care 
4 token to slip the small rubber ring over the lower 
t tieVJieRa i.\nii wA 
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carbon. The cell is set up in the same manoer as the Le- 
clanche cell. 

The inside of the rim of Ihe jar is paralfineti to prevent 
creeping of salts, and the cover fits very tightly to reduce 

CHAl'TkR XVI. 

Law Battery- 




The catbon tietlrode 
larEie surface, and the cell ci 
former batteries of this make. 

The top is of blue glass, and 
down against a rubber ring. T 
water, and creeping of salts. 

Both binding posts arc permanently attached to 

Smtected against corrosion, and the holes ihnv 
they pass are hermelically dowdi ,7tK 
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Chai-tkr XVII. 
Gravity Batteries. - 

Gravity batteries are two-fluid cells. Figs. 15 and 16 
;ciit;Tiire(l as the lead- 




representativcE of tin.- ^rnn; ';in-. Instead of em- 
yiog a porous cell to keep the two liquids separate, it 
( possible, where one of the liquids is heavier than the 
K^lther, to keep the latter on the bottom, and hare the lighter 
Mtiog upon it; this separation, however, is never perfect, 
le heavy liquid slowly diffusing upward. These batteries 
. « set up as follows: 
Unfold the copper strip -ind place it in the bottom of the 
Suspend the xinc about four inches above the copper. 
ir cksn water into the jar so as to cover the line. Then 
vitriol in sm.iU lumps, not over six or eight 
^nces per cup at one time. 
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t may be reduced and the battery be vaaA 
iromediately available by drawing about half a pint of solu. 
lion of sulphute of 'inc fiom a battery already in use, 
pouring it into tlie jar; or, when ibis cannot be done, by | 
putting into the liquid four or five ounces of pulverized aut- 

Blue vitriol should be dropped into the jar as it is con- 
sumed, care being taken that it goes to the bottom. The 
need of blue vitriol is shown by the fading of the blue 
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color, which should be kept as high as the top <.f the cop. 
per, but should never reach the iiinc. 

After the battery has been started no further attentio 
required, except to keep it supplied with blue vitriol, untili 
the quantity of sulphate of rinc in solution has beconie t( 
great. In that case draw oul a portion of the upper pan. 
of the liquid with a syringe or a cup, and replace it wSti. 

As long as the battery continues in action there is aa 
crease of the quantity of sulphate of zinc in solution in th# 
■ upper part of the jar. 

A hydrometer is convenient lor the purpose of lestingtfa?- 
strength of this solution, When the specific gravity is l«u 
' ' o little sulphiite of zinc; when it 
is too much in solution, and it 
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■When the zincs become coal«d so as to interfere i 
I action of the battery they must be talten out and 
cleaa and washed. 




Dry Batteries. 

Very often it is necessary to arrange batteries so that ihey 
may stand considerable jarring, or even overturning. A 
liquid, of course, would lie spilled. Dry cells, for instance, 
are needed io railroad Cars for tbe electric bells, in military 
telegraphy, and in portable test ing sets. 

One of the early batteries of this type is Sir Wm. Thorn- 
con's sawdust battery, which is, in fact, a Daniell cell filled 
With sawdust. 

, GassDer's battery, Fig-. 17, is considered one of the best 
Idrj batteries, and is extensively used in places where a cell 
^^oobrinii^ a fluid would be objectionable. This element is 
BMHUited in a strong zinc case which serves as the nega- 

Kv pole. A carbon case is placed inside forming the pos. 
Tcpole. Aglass plate on the bottom of the zinc c("" 
Tents contact between carbon and imt;. ''C\ic s.^aJ:K 
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twef n the zinc case and carbon case is filled with a compound 
of oxide of zinc, chloride of zinc, plasler parts and saS- 
animdniac. The space lEiside ihe carbon case remains 
empty. The upper surface of the compound between the 
zinc and carbon is closed with paratline and, consequently, 
no crystallization of salts takes place at the surface. 
Batteries are furnished ready for use, and will work well un- 
til completely exliausted. The inventor claims that they 
can be used with great advantage in places subject to 




high or low temperature. When at rest no chemical action 
takes place; the component parl^ of the battery are conse- 
quently not consumed. The inventor says that these deslt' 
able properties of the dry battery are due In the 
first place to the peculiar porous substance contained 
in tlie battery in place of the solutions, which, 
although it forms a compact or nearly solid mass, 
allows the gases to pass. The porous mass forms no de- 
posit on the zinc which would tend to increase the interna] 
resistance, and consequently, weaken the current. The 
necessary moisture is contained in the battery in chemical 
combination, and not in form of a free liquid. 

Il is further claimed that after being completely ex- 
hausted the cells can be renewed by passing through them 
the current from a Bunsen cell in a manner similar to that 
of charging of a storage battery. 
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Chapter XIX. 
Classification of Batteries. 

Batteries may be classified, according to their use, into 
open circuit and closed circuit batteries. 

Open Circuit Batteries. — These batteries are used where 
a current is needed for a few seconds at a time only. If 
the circuit is kept closed for any length of time, these bat- 
teries will rapidly become polarized, and the current will be 
so weak as to be unable to do the work. When the circuit 
is opened the battery will recover itself in time. These 
batteries are applicable to bells, alarms, telephones, gas- 
lighters, etc. To this class belong the Leclanche, diamond 
carbon. Law, Gassner and Smee. 

Closed Circuit Batteries. — These are used for continuous 
work, as, for instance, electro-plating, charging accumula- 
tors, electric lighting, etc. , or when a current is required to 
flow continuously through a wire, and an apparatus so ar- 
ranged as to signal the break of this wire, as in certain safe- 
protecting devices or police call boxes. This class of bat- 
teries may be subdivided into: 

A. Batteries with a constant current, able to do consid- 
erable work, such as electro-plating, electric lighting, run- 
ning motors, etc., for hour? at a time. 

B. Batteries with a constant current, able to do very lit- 
tle work, sach as in safe-protecting devices, several medical 
appliances and alarms, but able to do this continuously for 
months without any attention. 

To class A belong the Grenet, Grove, Bunsen, carbon, 
nickel-plating and Fuller batteries. 
To class B belong Daniell and gravity batteries. 
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Chapter XX. 
The Electric Current. 

The reader has now leamed how the electric curre: 
praccicall)' generated in voltaic or galvanic cells or 

In cirder to understand th.e action of what is called the 
electric current, we will consider two reservoirs of « 
connected by a pipe, Fig. I8. The electric current may be 
likened to the flow o[ water through this pipe from the 
higher to the lower level. 




The unit of current strength, also called the rate of flow, - 
□r intensity, is the ampere. In the illustratioo wewould 

J the water is flowing through the pipe at the rate of cue 
,on per second. In speaking of the electric current we 
would say it has a strength of, say, one ampere. 

The unit of electromotive force, also called eleclricAl 
pressure, or tension, or diHerence of potential, is the ytAt'. 
In theilltaslration Ihehead of water, or the difference be- 
tween the levels, A and S, is similar to the electromative - 

The unit of resistance is the ohm. Resistance mv 
compared with the friction of the internnl surface of 
pipe offered to the water. It follows that the more cr 
section the less friction, and the less cross-section the n 
friction, for the same volume of water flowing through tilC 
iripe in a given time. 

In the following only the terms, current strength, electro- 
motive force — frequently written c.m.f. — and resistance will' 
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Chaptkr XXI. 
Ohm's Law. 

1 enpresses Ihe relation of current strengtli, 
electromotive force and resistance to each other. It says: 
Current strength equals electromotive force divided by re- 

We can write this C = — , C standing for cur- 

R 

igth, E for electromotive force, and R for resist- 

Chapter XXII. 
Conductors and Insulators. 

n-es frcoly are called con- 



Bodies in which the currei 
ductors, and those in whii 
called insulators. Examples of coni 
tions of chemical salts, moist earth. ( 
sulators; Porcelain, rubber, gulta-pcr 






: Melals, solu- 
xamples of in- 
aling wax, dry 



Chapter XXIII. 
Direction of the Current- 

we assumed that the electric ci 




il flows from the positive pole of a galvanic cell through 
I external circuit back to the negative pole. In order 10 
find the direction in which Ihe current is passing thro] 
I place a pocket com'pasa,T\%.\'^,-a'" 
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wire, Fig. 20. The north-seeking pole of the needle, called 
the north pole, and distinguished either by a dififerent color 
— blue, for instance — or by a little brass rivet, will be de- 
flected to the left when the current flows in the direction of 
the arrow. Fig. 20. Or, in other words, the positive elec- 
tricity enters at A and leaves at B^ 



f 




FIG. 20. — COMPASS UNDER THE WIRE. 

When the compass is held above the wire the north pole 
of the needle will be deflected to the right. 

General rule: Imagine yourself swimming in the current, 
always facing the needle. The positive current entering at 
your feet will cause the needle to deflect to your left. 

Another general rule: Think of the word Snow. With 
the wire over the compass the current flowing from the 
South .to the North will deflect the needle to the West; in 
other words, from S-outh to N-orth O-ver W-est. 
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The compass should be tested before these trials are 
made, as the polarity may have been reversed by the prox- 
imity of dynamo electric machines or other powerful mag- 
nets. 

CONNECTING BATTERIES. 



Chapter XXIV. 
Connecting Batteries. 

When several cells are joined together the whole arrange 
ment is called a battery, though this term is very often ap- 
plied to single cells also. 

The conventional sign for a voltaic cell, consists of two 
concentric circles. The larger circle stands for the positive 
pole, the smaller for the negative or zinc pole. There is 
another method of depicting the battery in diagrams. This 
consists of a series of short, heavy perpendicular lines alter- 
nating with longer light lines. The long light line repre* 
sents the positive pole of the battery and the short heavy 
line the negative pole of the battery. 

Cells may be connected in various ways: 

Chapter XXV. 
Cells Connected in Series. 

Fig. 21 represents four cells connected in series, or, as 
the arrangement is sometimes termed, in tandem, for ten- 
sion or pressure of current. If the electromotive force — e. 
m. f. — of one cell is 1.6 volts and the internal resistance of 




FMt. Eltct'n. Chi. 
FIG. 21. — FOUR CELLS IN SERIES. 

one cell is 2 ohms, the whole battery would have an e. m. f. 
of 1.6 X 4 = 6.4 volts and an internal resistance of 2 X 4 
= 8 ohms. 

If we close the external circuit of a single cell and assume 
the external resistance to be practically nothing, the current 
strength through this circuit would be according to Ohm's 
law: 

E 1.6 8 

C = ^ = = — = . 8 amperes. 

R 2 10 
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In the case of four cells joined in series this equation 
becomes: 

E 6.4 8 

C = — = = — = .8 amperes. 

R 8 10 

Hence, we see that in joining cells in series we increase 
only the e. m. f. and the total internal resistance while the 
current strength remains the same. 

In connecting cells in series the positive pole of the first 
cell is always connected to the negative pole of the second, 
the positive pole of the second to the negative pole of the 
third, and so on, as Fig. 21 shows. 

Chapter XXVI. 
Cells Connected in Multiple Arc. 

Fig. 22 represents the same four cells connected in multiple 
arc, also termed in parallel, for quantity of current. 




~ ITmI. JRMt'n, C9U. 

FIG. 22. — FOUR CELLS IN MULTIPLE ARC. 

The e. m. f. of this battery of course is the same as that 
of one cell, namely, 1.6 volts, while the total resistance is 

- = - = .5 ohms. 
4 2 
Regarding the external resistance as practically nothing, 
l.he current strength is: 

E 1.6 
C = — = — = 3 J — 3.2 amperes. 
R .5 • 

We see that by joining cells in multiple, the e. m. f. re- 
mains the same while the current strength increases and the 
internal resistance decreases. 

The internal resistance of a cell is largely dependent 
upon it? sire ; thus, by increasing the size of a cell and its 
plates the internal resistance is decreased, and the current 
strength through a given external resistance is increa9ed. 
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The e. m. f. of a cell, of course, does not depend upon its 
size; it depends simply upon the choice of metals and fluids 
which are used in the cell. A cell of the size of a thimble 
constructed out of the same metals and put together in the 
same way as a cell the size of a barrel, would have the same 
e. m. f. The internal resistance, however, in the larger cell 
would be greatly reduced. 

In connecting cells in multiple arc all the positive poles of 
the cells are joined in one pole, and all the negative poles in 
one pole as shown in Fig. 22. 

Chapter XXVII. 
Cells Connected in Multiple Series. 

Fig. 23 represents the same four cells connected in multi- 
ple series, that is to say, in a combination between series and 
multiple arc. 




WMUEUatn. CM. 
FIG. 23. — FOUR CELLS IN MILTIPLK SERIES. 

There are, in fact, two batteries, each consisting of two 
cells joined in series, and then considering each of these 
battenesas one cell, they are connected in multiple arc. 

The e. m. f. of each two cells in series is 1.6 X 2 =: 3.2 
volts, hence the e. m. f. between the poles of the battery is 
the same. 

The internal resistance of each two cells in series is 2 X 2 
= 4 ohms; hence, the internal resistance of the whole bat- 
tery is f = 2 ohms, or the internal resistance of the whole 
battery is equal to that of a sinj^le cell. According to Ohm's 
law 

E 3.2 

C = — = = 1.6 amperes. 

R 2 
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Chapter XXVIII. 
Recapitulation. 



ters XXV, XXVI and XXVII, will have the features shown 
in the following table: 




...... 


«.xn_.u. 


"S™ 


Talale.m.t.in volts...:. 




1.6 
-S 
3-' 


SJ- 


Total cumnl Brcngth in 
■"I«™ 


Lfi 



This table shows very clearly the different results that may 
be obtained from the same four cells when differently 
connected. In this example we get the greatest carrent 
strength by connecting the cells in multiple arc, and the 
least current strength by connecting them in series. 

Chapter XXIX. 

' Work. 

The work accomplished by eleotricity is expressed in volt- 
amperes or watts. If we multiply the number of amperes 
by the number of volts, we get the number of watts or the 
amount of electrical energy developed. If this be true we. 
must, of course, in the foregoing examples get the same 
amount of energy in every case. 

I. Series: 6.4 volts X .8 amperes = 5. t2 watts. 

3, Multiple arc: 1.6 volts X 3-z amperes = 5,12 watts. 

3. Multiple series: 3.Kvolts X l.6amperes = 5.1a «'alls.- 

Hcnce, we see that the same amount of work can be donei, 
with great current strength and low;, m, f , Or with small; 
cun^nt strength and high e. m. f. 

Chapter XXX. 

External Resistance. 

In the foregoing we have considered in aur calciU*li< 
only the tul^rml resistance of tile battery. 
however, we must consider the external re? 
This external resistance is alTered to the passage of & 
by the wires and the appt^otus thatis tt ' ~ 
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Suppose the total resistance of the external circuit is 8 

ohms. To calculate the current strength we again use the 

E 
equation of C = -j^ but the R in the calculations made in 

foregoing chapters represented only the internal resistance 
of the battery, while now we "must change the equation so 
as to make it include the ^jr/^;7w/ resistance also. 
We now write the equation 

E 

^-R+r. 

C standing for current strength, E for electromotive force, 
R for internal resistance and r for external resistance. By 
using the foregoing equation the table in Chapter XXVIII, 
giving the data for four cells, now appears as follows: 



WHOLE BATTERY. 


SERIES. 


MULTIPLE 


MULTIPLE 




• 


ARC. 


SERIES. 


Total e. ra. f. in volts. 


6.4 


1.6 


3.2 


Total interna/ resist- 








ance in ohms 


8 


•5/ 


4) 


Total external resist- 


S-i6 


[ 8.5 


r " 


ance in ohms 


8 


8. i 


8) 


Total current strength 








m amperes 


•4 


.19 


.26 



We see from the table that we get in this example the 
greatest current strength by connecting the cells in series, 
and the least current strength by connecting them in mul- 
tiple arc. 

Chapter XXXI. 
Rules for Grouping Cells. 

As a general rule it may be set down that the strongest 
current will be obtained from a battery if the cells are con- 
nected in such Ynanner that the internal 7'esistance R be- 
comes equal to the external resistance r. In some cases 
this will not be possible, and a combination must be chosen 
which will come nearest to these conditions. 

Generally it will be necessary to connect the cells in se) ies 
when the external resistance is \try gj-eaf, and in multiple 
arc when the external resistance is small. 

Batteries of different constructions should never be con- 
nected in multiple arc, as the e. m. f. might differ, and ever 
with an open circuit, currents would be aetvtT3A&<i. 
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Rule: If thetotnl internul 


esistance of a battery, with 1 


al[ Ihe cells connected in 


series, is greater than the:9 


txlernal resistance the best c 


mbination is forroeil in the M 


following manner: 


i 


Miilliply the number of the 
ance; divide by Ihe resistance 


cells by the external ^e5is^ ■ 


f a single c-ell, and lake thefl 


a.|uare root of this quotienl. This will give the number <£M 


the cells which must be connec 




Kxample: Tvrenty cells are t 


be connected. The inten 


nal resistance of one cell— 5 ol 




=25 ohms. 




/^xV _ 


*' too _ 


*' 5 




Hence two batteries, each 


10 cells in series, must be 


connected in multiple arc. 




The resistance of to cells in 


series in this case is ioXs=a 


50 ohms. The resistance of l^ 


such batteries in multipli 
Hence we see that the mi 


arc of course is "^=25 ohms. 


ternal resiatanee of the battery 
sistance, which, as stated, is 


s equal to the external li 
the most effective way d 


grouping the cells. 




It must be understood, how 


ever that although this sr 






economical, for if the internal 


and external resistances b 


ef|ual to one another, the useful work in the outer circ^^l 


and ihe useless work done in heating the cells will be e^tU^I 
also, half the energy being wasted. The greatest CQonOi^^l 


is attained when the external 


resistance is very Breat :;^H 


compared with Ihe internal resistance; only, in thfs CO^H 
the materials of the battery will be consnmed slowly. U^H 


the current will not be drawn i 


Ff at the maximam stWigti^H 


From this point of view a 


cell should have a very Ic^H 


L 


« economical. ^H 
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Chapter XXXII. 
Data Regarding Batteries. 

The table on page 32 gives the necessary electrical data of 
batteries. From these data all necessary calculations can 
be easily made. . 

The current strengths required vary greatly according to 
the nature of the appl.ances. Electric vibrating bells, for 
instance, require about .2 ampere. They act very well 
with two Leclanche cells in series. Regarding the resist- 
ance of one prism cell as 1.2 ohm; the e. m. f. of one 
prism cell as 1.40 volts; the resistance of bell as 8 ohms, 
and resistance of wire as 2 ohms; then 

E 2 X r.40 2.80 

r — . = -— — — - = .23. or 

R-f-r 1.2 X 2 -h 10 12.40 

about 3^ ampere. 

Polarization, bad contacts and leakage in line may reduce 
this to about J ampere. Currents used in telegraphy are 
very often not greater than about xio ampere. In order 
to get good results, it is therefore necessary to know first 
the resistance of an instrument and the current strength 
necessary to operate it; then the combination of the batter}' 
and the number of cells can be very easily determined. 

Very often cells are guaranteed to last a certain length 
of time. This, of course, is pure nonsense. For instance, 
it is clear that every time the circuit for an electric bell is 
closed, a certain amount of energy is wasted in the cell. 
Suppose 50 calls a day are made on the cell, and it would 
last, say one year; with 100 calls a day it would last only 
half a year, and with 200 calls a day only one-fourth year. 

If the wires are badly insulated, so that leakage ensues, 
the battery may be slowly exhausted without doing much 
useful work, and thus cause an early breakdown of the 
battery. This will explain why the same battery may 
apparently give excellen : service in one case, and behave 
very poorly in another. 
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Chapter XXXIII. 
Divided Circuits. 

ft 

a circuit divides, as in Fig. 24, into two branches at 
liting again at B, the current will also be divided, part 
ig through one branch and part through the other. 
\e relative strength of current in the two branches 
be proportional to their conductivities. 
fact, this law will hold good for any number of branch 
ances connected between A and B, Conductivity is 
2ciprocal of resistance. If, for instance, we assume 
the resistance of r = 10 ohms and r| = 20 ohms, the 
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Battery 

FIG. 24. — DIVIDED CIRCUITS. 

nt through r will be to the current through r^ as ^q to 
This may be written in the form of a proportion: 



1.1 2 

TQ • uo — ^0 

or as 2 : I 



A 



1 other words, f of the total current will pass through 
d -J through ri. The Joint resistance of the two 
'has between A and B will be less than the resistance 
ther branch singly, because the current has increased 
ties for travel. In fact, the joint conductivity will be 
um of the two separate conductivities. Taking again 
esistance of r'= 10 ohms and rj = 20 ohms, we have the 

conductivity ^q + ?^ = A> ^^'^^ taking the reciprocal 
f we get V "= 6f ohms as the joint resistance. In 

of the cases we have to deal with in this treatise the 
tances of the different branches will be alike; this sim- 
s the calculations considerably. Take, loi \ti*sXAXkRA> 
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two branches of lo ohms resistance each and find the joint 
resistance. 

Demonstration: 

i^ 4- tV "^ AJ ^^® reciprocal is y = 5 ohms, 
or, in words, the joint resistance is one-half of the resistance 
of one single branch, and each branch, of course, will carry 
one-half of the total current in amperes. 

With 3 branches of equal resistance the joint resistance 
will be \\ with 4 branches J; with 100 branches rJ^ of the 
resistance of one single branch. 

If the resistance of one electric instrument is 10 ohms, 
tke joint resistance of 50 of these instruments connected in 
multiple arc is i^ = J ohm; taking the current of the 
whole battery as 15 amperes, a current of J{ = -^ amperes 
would pass through each instrument. 






ELECTRO-MAGNETS. 



Chapter XXXIV. 
Electro-magnets. 

In Fig. 25 is shown a voltaic cell with the circuit spirally 
coiling around a soft iron bar. This bar, when the current 




FIG. 25. — MAGNETIZATION OF AN IRON BAR. 

is passing, becomes an electro-mag^net. The separate turns 
of wire must not touch each other or the iron bar, as this 
would cause a short circuit through which the current would 
pass. The wire must be insulated. The iron bar is a mag- 
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ITmC BUeent Chi. 
FIG. 26. — RIGHT HAND 
WOUND MAGNET. 



West, mect'n. Chi. 

FIG. 27. — LEFT HAND WOUND 
MAGNET. 



net only as long as the current flows. Its magnetism is 
under control. "When circuit is made the bar becomes a 
magnet; wheif circuit is broken it loses its magnetic power. 
Every electro-magnet has a north and south pole like a 
steel magnet. The end which the positii'e current enters a 
right hand wound electro-magnet, Fig. 26, becomes a south 
poU^ and the end which the positrt'e current enters a left 
^/li/ wound electro-magnet, Fig. 2'] , bteotcvt's. ^ uortK ^oU, 

35 
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The most useful form of elcclro-magnet is that in which | 
the iron core is shaped like the lelter U — often called a 
horseshoe magnet — «o that both poles may be applied to one 

In Fig. a3, A is the armature held up by a spiral sprii^, j 




connecting piece. 

n 

FIG. 29.— tNSTKUMENT MAGNET 

\, ig represents ao electro-magnet used in finorb 
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Fig. 30 represents a common horseshoe electro-magnet. 

The spiral spring at A in Fig, 28 ia called the tension or 

adjusting spring. It must be so adjusted that it is just 

i.»trong enough to pull the armature from the pole pieces of 

tbe magnet when the circuit is broken. 

To prevent the armature from "slicking" lo the pole 
'irieces, the latter are generally covered with paper or with a 
:thia layer of brass or copper, Soft iron after having been 
^jnagnetized retains a small amount of magnetism which is 
called residual magnetism. 
P The magnetiiing power of the coil of wire surrounding 
f the iron core depends upon the number of turns of wire 
land the strength of the current passing through it or as it 
■is generally expressed, upon the number of ampere-turns. 
(For instance, 10 turns of wire with one ampere of current 
flowing through it would be 10 ampere-turns and would 
liave the same eflect as 5 turns of wire with 2 amperes of 
current, which would also he 10 ampere-turns. 




■IG. 30. 



- The stitnglh of a magnet is not the sam^ thing as the 
yilngfiewtr (also called poitati\'e force). The strfHglli of 
. iSagiiet is the strength of its poles. The strength of a 
lagnet pole must be measured by the magnetic force which 
t eiierts. Thus, suppose there are two magnets, A and B. 
faose strength we compare by making Ihem each act upon 
le north pole of a third magnet C If the north pole of 
■ repels Cwith twice as much force as that with which the 
^nhptdeof £ placed at the same distance repels fT., we 
ythat tile strenglh of magnet A is tmce that of B. 
^jmOuo way of stating it is to say that the strength of a 
Ue is iht amount of free magoetism at that pole. 
jTlie luting foiLvr of an electro-magnet depends not only 
|lMiBi^netic strength, but also upon ita (<mn, c^ S!™. 
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shape of ils poles, and on the form of the soft iron 
turc it attracts. A horseshoe tnagnet wilJ liit a load Ihrefr, 
or four times as great .is a bar magnet of the same weight 
and same number of ampere-turns. The lifting powei ' 
greater if the area of contact between the poles and I 

Small mag:nets lift a greater load in proportion to their 
own weight than large magnets. 

A magnet to which as powerful a degree of magnetiza- 
tion as it can attain bas been given, is s^id to be saturated. 

It can be shown that, when the iron core of the magnet 
is far from saturation, the attraction of an armature of soft 
iron is proportional to the square of the magnttic sirenglk 
of the electro-magnet. Suppose an electro-magnet to have 
its strength doubled; it will induce the opposite kind of 
magnetization twice as strongly as before in the sa/l 'vi 
armature, and the resulting force, which is proportional 
the products of the two strengths, will be four limes 
great as at first. 

The strength of a given electro-magnet, when the iron 
core is still far from l^ing saturated, is proportional to the 
number of ampere-ttu^s. hence we can say that the lifting 
power of a given electro-magnet (when its core is far below 
saturation) is proportional to the square of Che nnmber of 
ampere-turns. In illustration, suppose we have a horse- 
shoe electro-magnet with lo ampere-turns o£ wire and pro- 
vided with a soft iron armature; this armatnrc will carry, 
say, one ounce before falling off. If we increase the number 
of ampere-turns lo 20, then the armature will carry four 
ounces. This principle may be staled in the form of a 
proportion, that is, all conditions being alike in both m^- 
nets, save the number of ampere-turns, the lifting forces of 
the magnets are to each other as the squares of the numbers 
of ampere- turns; thus, if the lifting force of a magnet with 
10 ampere-turns equals one: 



X —4 
: of bard polarized steel (1 
i used, the lifting power will be prbportioDtl 
the magnetic strength of the electro -magnet. 



permanent ■ 
'oportioDtl J 
ignet. ■ 
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Chapter XXXV. 
Induction Coils. 

A magnet will induce magnetism in a piece of iron 
brought near it. In a similar way a closed wire circuit 
through which a current is flowing will induce electric cur- 
rents in another closed wire circuit brought near it . In 
Fig. 31 a ^ is the wire conductor through which th^ cur- 

G 



■c 
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FIG. 31 — INDUCED CURRENT. 

rent of battery B flows, in the closed circuit c d \s the 
galvanometer, G, As soon as the battery circuit is closed 
a current of very short duration is set up in the circuit c d. 
This current has the opposite direction from the battery 
current. As soon as the battery circuit is opened another 
current of short duration is generated in circuit c </, but this 
current flows in the same direction as the battery current. 
The galvanometer needle will deflect in these two cases in 
opposite directions. 

The induction coil is based on this principle. It consists 
of a cylindrical bobbin having a central iron core sur- 
rounded by a short inner or primary coil of stout wire, and 
by an outer secondary coil consisting of many thousand 
turns of fine wire, very carefully insulated between its 
different parts. The primary circuit, in which are also in- 
cluded an interrupter, and commutator, is connected to the 
poles of a galvanic batter>\ 

The object of the interrupter is to make axvd \ixt^^^^ 
primaiy gschM In npid succession. The cutTeTi\.s sx ' ' tckaks^" 
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are suppressed by the condenser, while the cmreo 
"break manifest themselves in a brilliant torrent of sparki 
between the ends of the secondary wires when brought near 
enough together. The condenser is made of allernale lay- 
ers of tin foil and piraffincd paper, into which the current 
flows whenever circuit is broken. The condenser prevents 
the spark of tlje extra current— set up in the primary circuit 
by self-induction — from leaping across the interrupter and 
weakens the inductive action in the secondary circ 






and wiU 




o ignite blasting cartridges and for multiple electric. 
gas lighting, etc. 

Fig. 32 shows the details of nn induction coil. 7 
are the terminals lo which the wire from battery .dai 
(ached. R is the reverser or commutator for revetsihg oi 
cutting off the current CS'represents the platinum point ' 
contact screw in the primary circuit. If is a hammer of BC 
Iron, the movement of which completes and breala the c 
cuit at C 51 C is a condenser for arresting the momer' 
direct induced current In /* C, the primary coil of t 
wire, through which the battery current passes. S C 
resents the secondary coil of well insulated line wfre I 
which sparkiug currents are induced. B, and D, an 
dischargers fitted to the ends of the secondary coil. 
■^ core made up of a tiuniJlc o( vwj soft in>" 
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Fig. 33 shows a commercial fonn of induction coil with 
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Chaptkr XXXVI. 
Electric Bells. 

■ommon form of an e lectric vibrating or trembling bdl 
of an electro-magTiet E, Fig. 36, which moves fl 
' H to and fro by alternately attracting and releasing 
at it strikes against a bell. By pushing the button 
ircuit is closed and the electro-magnet attracts the 
e which carries the hammer. The armatare is ( ' 
part of the circuit, the current entering at>ove and leavinL 
at C. At this point the contact is loosely made by the 
spring pressing against the adjusting screw C. The con- 
tact points of both spring and screw are covered with plat 



Pthe c 




inum to withstand the action of the electric spark at C J 
soon as the lever is attracted forward, the circuit is broM 
at C by thz spring moving away from contact witlin 
screw, hence the current stops, and the clectro-mHOT 
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(refore fall back, again {stablishing contact at C, where- 
Bn the hammer is once more attracted forward, and so 
I The push P is shown in section on the right of Fig. 
t It usually consists of a cylindrieal knob of ivory or 
peelain capable of moving loosely through a hole in 
rsupport of porcelain or wood, and which, when 





frequently made of wood and also frequently i 
metaL This particular form of bell is designed to be hut 
from supports, but these bells are also made to be ptai 
in the reverse position. 

A bell should always be placed in the positioi 
tended to hang by its constructor 
below the magnet. If this, rule is i 
tioQs may oot be regular. 

When an especially loud and con 
as in large halls or for fire alami 
mechanical bell is generally used. 
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Fig. 40 shows the arraagement of as 
ing several bells, actuaied separately b 
the bells being conneited in multiple or 



1 




By running the wires as indicated in Fig. 41, 1 
antes o{ all external circuits leading to the belis mil be alike. 
This condilioQ is very desira.ble when vibrating bells ai 
connected in multiple or parallel, and when it is desired to J 
have all bells ring simultaneously upon pre; 
push button. 

It is clear also that the resistances of the magnets of file J 
different bells must be about alike. If Ihe resistances oE J 
the bcHs or the separate circuits should differ, the ct 
would divide unevenly between the different circuits s 
plained In Chapter XXXIII. on divided circuits. In other 1 
words, one bell would get too much and another not enon^ ] 
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carrent. In the first case the spark on the platinum point 
woold get too intense; in the other case the bell would ring^ 
very feebijr or not at all. 





Fig. 43 represents a system which may be used to trans- 
mit certain signals like two telegraph instruments between 
two stations. The stations must be connected by three 
wires and the use of Ihia system will therefore be limited to 
sbort distances on account of cost of line malcri.il. liy 
pressing button i the bell Sj alone rings, while button 2 
only rings bell S,. The diagram explams the connections. 
If auch a system should be required for long distaocA^, fh& 
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e can bcB sjsun as ciplaiiieil in Ch^ita 
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Chapter XXXVII. 
Single Stroke Bells. 

Any vibrating bell may be changed 10 a single stroke bell 
»cry readily. 
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In Fig. 44 the coDnections of a vibrating bell are shown 
as explained in Chapter XXXVI. 

i^/is the magnet; /*, P^ are the binding posts; A^ ar- 
mature carrying hammer; S, spring; C, contact screw. 
By disconnecting the wire P^ C and connecting P^ with A 
or 5 as indicated by the dotted line, the bell will be made 
single stroke. When the circuit is closed the armature will 
be attracted by the magnet and the hammer will strike the 
bell once; the circuit will remain closed as long as the push 
button is held down. 
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FIG. 45. — VIBRATING BELLS IN SERIES. 

Sometimes it will be necessary to connect a number of 
bells in series and have them all vibrating. In this case 
one bell only should be made vibrating and all the other 
bells should be made single stroke. In Fig. 45, V 
represents the vibrating bell, and SS the single stroke bells. 
V acts as interrupter for the whole series of bells and keeps 
them vibrating as long as push button P is pressed down. 

If all these bells were left connected as vibrating bells, 
they would not ring at all, as the vibrations of one bell 
would interfere with those of the others. 



Chapter XXXVIII. 
Long Distance Call Bell System. 

For transmitting: calls to a long distance, the system out- 
lined in Fig. 46 is used. Only one wire is employed, the 
ground being used as a return. This method is used' to 
save the cost of the wire for the return. Two separate bat- 
teries are employed, one at each end of the line, which are 
always open and only in operation at the. moment of signal- 
ing. For this system, bells having a resistance of at least 
twenty ohms should be used. The number of cells required 
for each battery will be according to the. dv&^tvcft. ^1 ^2B& 
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stations from each ntlier. For te>is than one mile, six cells 
at eachend will be sufficient ballerv. In the diagram i is a 
dooble contact key and 3 is the bell, B the bntleiy and G is 
the ground coonection at each station, respectively. 




It will be seen that the anan 
be varied indelinilely, and do 
diificulties if a little care be lali 



Push Buttons. 

The range of style, shape ancl construction of push but- 
j tons is almost limitless. They are made both in wood and 
metals of various kinds. Every day sees new styles manu- 
factured and any well assorted stock' offers a range of chdce 
from the common, cheap iv-ood push hntlon to that of the 




I 9iost artistic handiwork; the one For a barn, it may be, the 
other for a palace. 
A few designs are shown. Fig. 47 represents a wooden 
') btltton; Fig. 4S a nickcl'plated button; Fig. 49 a 
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■A. upon the projecting pinion c] 



e bell tc 



■s the ci 






ring. 



Fig. 53 shows a combination of a. floor key and a push 
iltoQ. The purpose is plain. The floor licy can be used 
such when desired, or in case necessity requires it, the 
rd can be attached, first removing the center pinion and 
e push button can then be plated where desired. 




it in which the vibralitig hammer strilces a sound- 
:, producing a distinct hununing or buzzing sound. 
^ORea used !o call a clerk or messenger from hii desk 
__t directing general attention to the laXV. ^S-t-V^ 
gkAVeli-JttiOH'Ji form of this ' 



J 
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CilAPlLK XH. 

Indicating Box Bell. 

The beil is connected in the -ordinary way. The bell mag- 
net projects through the wood box and attracts and holds 
the needle in position until thrown down by the jrin that 
' comes between th^m.ignet and needle, T be needle is dmply 




fastened to the outside of Lhe box by a screw pin with 
shoulder. When the circuit is closed the bell will rlnp, and 
at the same tijne the needle will indkate, so that If the 
attenilant is not present when the bell rings, he will, upon 

L returning, see that he is reijuircit. If the bell should get 
. oE adjustment and fail to ring, the needle will also indi- 

\ cBIe, BDi) thus show that a call has been made. The nee 
''i-firovn oH by hand by a trip movement. 



lATORS. 

Chapter XLII. 
Annunciators. 

iven for ihe connecting electric 
nade for a variety of different 




r 
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indicated: B indicates the battery: I. 2, 3 and 4 are pushfl 
buttons; 5 is a floor key and 6 is a separate electric bell in] 
circuit with the same battery that actuates the system 




The indications on the faue of the annunc 
sent from Tarious points are made m d Serent ways; fi 
quenlly by needles which change from their noi 
when they >rc actuated by The closing of a dn 
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cated in Fig, 56, where it is plain tlie attendant is desired 
in the auditor's office, and Fig. 58 where calls are recorded 
from rooms 9, 29 and 50; frequently the call is recorded by 
a drop or shutter which normally is in a nearly vertical posi- 
tion but when the circuit is closed by pressure on a push 
button the drop falls and discloses a number or name. 

In the illustrations shown, each individual annunciator, 
as distinguished from the whole instrument which is also 
called aa annunciator, consists of a little electro- magnet. 




and an armature .which is attracted when circuit is made by 
pressing the corresponding push button; as soon as the ar- 
mature moves, a little lever is released which turns ovur by 
iis own weight and moves the pointer on the face of the an- 
nunciator. A vibrating bell connected in the return wire, 
leading to the battery, rings at the same time. After the 
attendant has noted who has called, he moves a lever on the 
bottom of the annunciator t>ox which pushes the little lever 
again In its place so it is held by thearmalure of the electro- 
magnet. There are innumerable constructions but the prin- 
ci^ is the same in almost all of them. 



r 
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Chapter XLIIt ' 
Electric Alarms. 

Atsnns ate apparatuses lo wam of an impendrng danger 
or accident either to property or huxnan life, or to both. 
Their number and arraDgcmect may be varied indeilaitely. 
bul we can describe here only a few enajnples. There ai 
hundreds of new inventions in this line every year. 

Alarms may be classified into (hose operated by hand- 
hand alarms — and those wliich operate anlomatically — 

Chapter XLIV. 
Hotel Fire Alarm and Room Call. 
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had been invented for arou^ 
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Fig. 60 represents a hotel fire alarm and room call ap- 
paratus, which is placed in the office. In each room of the 
hotel there is a bell which is connected with the series of 
push buttons shown in the cut. By simply releasing a lever 
or arm the bell in every room is rung twice during each 
revolution of the lever, and the revolutions continue until 
long after every guest has safely left the burning building. 
This alarm is automatic only from the moment the clerk or 
attendant starts the lever. 

This system, on account of its ingenious and reliable con- 
struction, can always be depended upon as a fire alarm. 
No large battery is required to operate it, and its daily use 
as a room call is a constant test of its readiness for use in 
case of fire. 

The value of the system is not alone in its capacity as a 
reliable fire alarm. With it, the clerk can instantly answer 
the call of a guest; can call a guest at any hour, thus avoid- 
ing the necessity of sending the porter to rouse a sleeping 
guest by pounding on the door to the annoyance of the oc- 
cupants of adjoining rooms, or can ascertain at once if a 
guest is in his room by simply pressing the button on the 
fire alarm dial corresponding to the room he desires to call. 
The apparatus may be so arranged that the call bells in the 
rooms will give but a single tap when used as a call, and 
ring as vibrating bells when operated as a fire alarm. The 
guest, of course, can answer the call from the office by 
pressing the push button in his room. Fig. 61 represents a 
hotel annunciator, fire alarm and room call combined. 

Chapter XLV. 
The Hess System. 

Fig. 62 shows the system of wiring for the Hess com- 
bined annurciator, fire alarm and room call. The room call 
device is not shown in detail, the illustration being designed 
to show the method of wiring only. 

The diagram shows the combined system for 20 rooms 
with battery, bells and buttons for rooms. A represents the 
instrument in the office showing call board A}^ partially 
open, which shows to advantage the battery and room con- 
nections: B represents batteries; C push buttons, and D 
electric bells. 

Directions for installing are as follows: Place the batteries 
in a cool, dry place, connect the oell batteries in sections 
oi two as shown. Run a wire from the zinc pole of bat- 
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tery, to battery post number i, on Ibe call board; from post 
number 3 on battery to post number 2 on board, etc. The 
annunciator requires from three to five cells of battery. 
After locating it run a wire from the zinc pole to battery 



The push buttons should be placed some four or five feet 
from floor with bells directly above them and out of reach 
of guesls. Run a wire from post number I on call board 
to center or main spring on push button in room number I, 




from post number 2 to push button number 2, etc. Kun ;. 
wire from the top spring of push button to either post o( 
bell in the same room. Kun a wire from the carbon post of 
annunciator battery 10 and through the rooms, running a 
branch wire from it to the lower spring on each push hiit.- 
lon. Connect the carbon post ot eac^ one o\. vVt fjW^:^^ 
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batteries numbered i, 2, 3, etc,, to 3 large copper w 
run this large copper wire through the rooms, with b branch' 
wire from it to the remaining post on each bell in the se' "■ 
rooms. This large wire should have conductivity of i 
ber iz copper wire (or 50 bells, where the 50 bells are 1 
rung simultaneously. If more than 50 bells are to be rung 
St any one time wire with suitable conducIiviCy ahcuM 
be used. The wires running from the linc o£ call bell bM-l 
terles to battery posts on call board should be number l(i 
copper, but number 18 will answer when the circuit Ji 
short. Number IS wire will answer for the annunciatoi 
return wire and for all leading and return wires, as well M 
for branch wires. In running wires care should be taken ML 
keep the annunciator and bell return wires se|JaFalt if pos 
sible. See that good electrical connections are made airi 
that all joints are soldered and taped. In bunching in 
sulatcd wires they must be left loose. Two cells of goo 
open circuit battery will answer for each battery -■""'" 
except where the bell circuit is unusually long. " ' 
three cells should be used 

In this system each five bells are worked from a separate 
battery section, either when working singly for giiest call' 
or all ti^ether tor fire alarm call. Bells numbered r, 2, 3* 
4 and 5 are rung from battery number t. Those numbww! 
6. 7, 8, g and 10, from battery number 2, etc. 

Chapter XLVI. 

The Western Electric Go's. System. 

Fig, 63 is a diagram showing ihe Western Electric coi 
pany's system of combined botel annunciator, fire alarm aj 
individual call as arranged for 16 rooms: A is the annu 
cialor; 5 Ihc call box and fire alarm; C the battery opeis.. .^ 
ing Ihe annunciator; D the battery operating the bells, indl) 
vidually or simultaneously as circumstances require; tlli^^ 
several circles, x x, indicate the push buttons, on which a(i 
three set screws; £■ shows w ires running from the annoodatO) 
'o thecal! box, connecting to individual springs on the aa 
lunciator. numbered to correspond vnth connecting post 
under A on the call box. 

Directions for installation: From connecting post 01. 

UUI box arranged in row under Z, run a wire to t^ie large 

Pfcaln set screw on push button x, from the upper piece «i 

^"'""-' "*■ the one coming in contact with the large or maii 

w, run a wire to one connecting post on the bellj f 
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ithec connecting post on the bell run a wife to and 
Bct with number 16 wire^/, as shown in the diagram, 
jmtheremainingset screwof the push button ruit a wire 
.mber 16 wire P, this wire being the return or battery 
tUs from rooms to office. 



le bells and pushes are located in the rooms usually at 
IdeoE the door entering from hall, the bells being 
d out of reach, above the push buttons. The push 
ns are placed about four and a half or five feet above 

re should be taken in running wires to keep the poles 
le battery separated as far as possible from each 

Chapter XLVII. 

The Double Wire System. 

[. 64 shows another system of Jjotel annunciator, fire 
I and individual call designed by the same company. It 
% from the one described in the preceding chapter in re- 
ag a double set of wiring. Il can be worked" with the 
ry used for the annunciator, by disconnecting wire 5 B 
battery number 2 and connecting wire C C to wire A 
ittenr number I. and disconnecting wire C Cfrom wire 
The push buttons in this system have but two 
actions, to either of which the wire that runs to the 
odator can be connected. From ttie o\.\\« <;cmcvKicC\'D% 
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screw, the other mre runs to the number i6 wLre, which 
runs to the battery, the same wire being used as the battery 
wire for each one of the bells for fire alarm br individual 
calls. From the other post the wire runs directly lo the con- 
necting post on the fire alarm dial. From connecting post 
on fire alarm dial B, number i6 wire B B, runs to one side 
of the battery; from the other side of the battery going to 
one connecting post on bell in rooms and to one 
connecting post on push buttons in rooms. In this 
system the same siie of wire is used as in the single wire 
system; Number iB covered copper wire from push bul- 
and from hre alarm dial to bells in 
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rooms. The battery wire in all cases shouldbe not smaller 
than number 16, One of the principal features of this sys- 
tem is the small ami^nt of battery required to operate it; 
in no case is it necessary to use on the fire alarm more than 
six cells of dlsque Leclanche, no matter whether the n' 
ber of rooms or bells is zo, or 120. or even more; and for ' 
the calls from rooms lo annunciator but four cells of disque 
Leclanche are necessary. This system requires more "mn; 
than the system described in Chapter XLVl, but itis n--'- 
■' ' -e ea^ly wired, and faults c»n be MOQUM 
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Chaptkr XLVIII. 

Partrlok & Carter's Systems. 

Figs. 65 and 653 show ihe latest system of wiring for 
annunciator, lire alarm and ca.11 rctuin. known as Par- 
trick & Carter's system. In tlie cut. Fig. 6;, i-i 3'4-5 in- 




FIG, 65.— PABTRICK 

dicate combinatioD bells in 

ODiOpof 

boRom of case 



\\ A represents washer 

'",- C washers at 

B general bat- 



FIG. 65A. -vt 

•\ B battery wires. This system rf qoires two leading 

a and one battery wire. Id order 10 avoid compiica- 

1, vw whlt« covered i3 or 19 wire (or wires marked 

Um i3 or 19 red covered «vlr« foi wue^ To^^tx^ T 
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aod No. 14 blue covered wire for wire B or balttry wire. 
From 4 to 6 celis of battery are required. 

By reference to Fig. 65a it will be seen that one lead- 
ing and two battery wires are required for this system: 
thus in a 100 room hotel toa wires are required, aod but 
one series o( batteries. In order 10 avoid complications 
use while 18 or lo covered wire for wires mailied W; red 
18 or 19 covered wire for wires marlied R, and blue 16 or 
18 covered wire for wires marked B. Be sure to make 
connection from carboo pole of battery to small binding 
post C aod zinc po'.e of battery Z to large bindiofi; post Z. 
Four or five cells of battery aie generally enough. 
Chapter XLIX. 
The Electro-mercurial Alarm. 

Electric alarms in Chapter XLIII were divided into hand 
larms. Under the first bead of this subdi- 
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visioD Bre alarms in coDnectlon with hotel annunciators have 
been discussed inasmuch, as slated in Chapter XLIV, tl 
alarm 1 are not automatic until they have manually b._._ 
started into operation. We dow come to the second head 
of the subdivision, automatic alarms. The lirsl of promi- 
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nence is the electro-mercurial system. This system has 
three essential elements; Mercurial bulbs or thermostats 
placed in the ceilings throughout a building; a circuit of 
insulated copper wire, running through the thermostats, 
and a battery; and an annunciator and bell placed in a 
prominent position either within or without the building. 

The principal feature of the system is the thermostat 
shown in Fig. 66. It is a glass bulb, in which a column of 
mercury moves up and down with the rise and fall of the 
temperature, with a platinum wire sealed in the glass at 
each end, the lower wire in contact with the mercury, the 
upper one terminating just above its surface. This simple 
bulb, connected in an ordinary electric circuit, is a sleepless 
sentinel. It is set in the ceiling of a room, and whenever 
the heat becomes too great for safety the mercury rises, 
thus completing the circuit; the alarm bell rings and the 
annunciator shows the exact location of the fire within the 
building. 

The thermostats are inclosed in copper shields and placed 
in the ceilings, one in every room or closet, in hotels, office 
buildings and dwelling houses. In all large rooms, such as 
stores, Varehouses and manufacturing establishments, one 
is placed in every twenty feet, so that in no case can the 
heat spread over ten feet before its effect will be felt. It is 
customary to set thermostats at 120 degrees Fahrenheit, 
but in places where the normal temperature is frequently 
high, as in engine rooms, laundries and attics, they are set 
to operate at a higher temperature. 

This system is specially useful in stores, warehouses and 
manufacturing establishments, in mills and elevators, in 
schools, colleges, and all public buildings, in hotels and 
office buildings. 

In hotels and establishments where watchmen are on duty 
at all hours of the night, the fire alarm bell is usually located 
in the building which is protected. In other cases the bell 
is placed at some neighboring point where it will attiact 
attention. 

In the larger cities complete systems of automatic fire 
alarms have been introduced. The apparatus used at the 
central station of the fire department is quite extensive and 
often arranged for either open or closed circuit. The alarm 
is received on a register giving the location of the building 
from which the alarm is given automaticallv by a thermo- 
stat. The annunciator located near the front entrance of the. 
boildiimf shows the floor or section from v^ViVcYi ^t^JsaftxtaoisJy^ 
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gives this signal automatically. In such central static 
only one main battery is used. Testing apparatus is us 
to give warning of breaks or trouble in the wires or app 
ratus. Fire departments, recognizing the great utility a] 
reliable character of the system, have always been ve 
willing to receive and respond to the calls of this alarm. 



Chapter L. 
The Metallic Thermostat. 

The principle of the naetallic thermostat is the uneqi 
expansion of two different metals, or a metal and some oth 
substance. Fig. 67 is given to illustrate the principle rati 
than to show the most commonly accepted form. Th< 
are in this illustration two distinct thermostatic coupl< 
They consist of two U shaped metallic strips, each co 
sisting of a copper strip and a zinc strip goldered togetb 
One set of strips is thick, and the other thin. They ai 
however, of the same length, the two zincs being on t 
inside. 




FIG. 67. — THE METALLIC THERMOSTAT. 

As soon as the temperature rises, the plates are heat© 

and expand; by expanding unequally the two arms of tb 

U tend to separate; but as one is fixed, the whole effort i 

extended to the second arm, which opens out from the fii© 

point. But the plate B, the bulk of which is smaller, ah 

sorbs the heat more readily, so \.\ia\. \l \.\i<& Vaooease kind 
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den and considerable, as it always is at the beginning of a 
fire, it expands rapidly and makes contact with A, which, 
being; of greater mass, takes loi;ger to heat and expand. 

' hand, the air becomes heated from ordinary 

in temperature always being more gradual, 
the plate A has time to expand, and the two contact pomts 
C C do not touch. These contacts are made of bent silver 
orplatinum strips, so that the cantaot may take place in all 
positions of the plates. The advantages of this instrument 
are its simplicity, sensitiveness and automatic action for 
preventing false alarms. 

Chapter LI. 
Burglar Alarms. 

s oE protection of residences 
' rglar alarm. 



gainst burgi: 




TO 
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o long as 



window, door or scuttle, will instantly close an electric cir--J 
cuitaid cause the annunciator bell to riog. Theslann w 

le opening e>iists in the house's 
itor wiUindicate in what poivl 
lion or room of the house the attempt has been made tt 

Fonnerly an arrangement known as the switch indica 
was used for the purpose of locating the part of the houW'1 



operated upon by the burglar. The substitution of the ai 
tomatic annunciator for the switch in this arrangement has 
proved to be a matter of great importance, inasmuch as it 
enables one to sec at the instant where the datiger is. The 
indication once made remains until the pointer Is restored. 

Fig. 03 shows a form of burglar alarm annunciator. 

Figs. 6g, 70 and 71 represent different forms of window 




i ased in this system. The las' ' 

■e particularly to allow a movement otfc 

ntilaiion without causing tilt 




FIG. 7t.— VK\TtlATlSt: WINDnW CONNECTION. 

Great care should be tal:en in fitting these contacts pi 
erlyto the doors and windows, in order lo avoid fali 



h This apparatus for 
lietaleof (;reat perfei 
I Very oflen the 
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iidences has been brought t( 
5equipped with siient tests, 




ringing attachments anJ clockwork to aul 
Ijr disconnect the alarm from a part or the whole house 
1/ desired hour. I'ig. 72 shows a burglar alarm with. ^ 
attachment. 
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Y\i, 73 is a diagram showing the wires and connections, 
in a honse fitted witha burglar alarm, having one opening, 
door or window, in each room, and the scuttle in the roof, 
numbered 2, 3, 4and 5 respectively. A is the annunciator: 
B B the battery, consisting of three cells; N the zinc 
pole of the battery, from which awire is run directly to the 
right-hand binding post B of the annunciator. To this 
wire no others are connected, P is tb« carbon pole d the 
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battery, from which awire is run to the left-hand post B of 
Fhe annui'Ciator, and to this wire, brajch wires are con- 
nected, running from one side of the spring of each win- 
dow and door to be protected, as shown by the dotted line. 

! other side of each window an' 

s shown, to the remaining a 
posts; this wire from each separate ri 
whose drop letter, name, or number, i 



ELECTRIC ALARMS. 73 

corresponds with the letter, name or number of the room 
from which the wire comes. It should be understood that 
where there are several doors or windows in a room, the 
wires from one side of every door and window spring of 
the room are connected with the battery wire represented 
by the dotted line; and the wires from the other side of 
every spring are connected together and then with the wire 
running to the annunciator binding post, whose drop desig- 
nates that room. This gives a common route from one 
side of the spring of every opening in a room to the annun- 
ciator post whose drop designates that room. From the 
other side of the spring of every opening in the same 
room a common route is given by connecting the wires to 
the battery wire, as represented by the dotted line. The 
circuit is thus, completed through the battery to the right- 
hand annunciator post and thence through the bell and each 
respective drop to the annunciator posts leading to the va- 
rious rooms. 

Chapter LII, 
Desk and Safe Alarms. . 

The idea of utilizing the electric alarm to give warning 
of the improper opening of a safe, is not new. But only 
the closed circuit systems are of much use, as thieves know 
most of these contrivances, and a wire properly cut re- 
duces the obnoxious bell to silence. With a closed circuit 
alarm this last resource is denied to the safe-pickers; the 
cut wire at once betrays their presence by giving the alarm 
on the bell, and if the wire is not cut the first movement 
of the door produces exactly the same effect. 

An ordinary electric bell, two batteries (one closed and 
one open circuit), and internal contacts which break as 
soon as the safe is opened, are all that is re- 
quired. The closed circuit battery may be placed in 
the safe or any other suitable place, and forms the electric 
source of a circuit completed by the coils of the electro- 
magnet of the ordinary bell, the wires which lead to the 
safe, and the contact or contacts, the breaking of which is 
to give the alarm. 

The bell is also in circuit with the open circuit battery in 
the ordinary way, but with no break in the circuit. The 
current of the closed circuit battery which circulates con- 
tinuoasly in the magnet of the bell) maintalixs \\i<t ^TcsA^:Qs%. 
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close against this magnet, and in consequence keeps the 
circuit of the open circuit battery open while the spring of 
the vibrator and its screw are not in contact. But if from 
any cause whatever the closed circuit becomes broken, the 
armature flies back, makes contact with the vibrator, and 
the bell rings loudly until the closed circuit is re-estab- 
lished. 

There is nothing to prevent a multiplication of the bells 
by placing them at several points. It is only necessary to 
break the closed circuit at any point to make all the bells on 
this circuit ring at once. 

This use of the closed circuit also enables warning to be 
given at any moment if the system is not in proper working 
order, for if by negligence the closed circuit battery is allowed 
to run down, the bell at once gives the alarm. 

This closed circuit battery acts for a long time without 
renewing, as it is only necessary to keep an armature in con- 
tact with its magnet, and a very small current will do this. 
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Electric Gaa LightlriK Apparatus. 

Electric gas lighting apparatus may be claasitied into: 
Portable gas lighting apparatus; 

Electric gas lighting apparatus for public buildings, such 
us balls, cliurches and theaters, (also called the multiple 
system); 
Electric gas lighting apparatus for residences. 
The Utier class is susceptible of sub-division iolo: 

The plain pendaut system. 

The ratchet pendant system. 

The automatic system. 

Chapter LIV. 
Portable Gas Lighters. 



These instruments are generally based on the calorilic 
properties of the spark produced by an induction coil, and 
the internal arrangemeuts allow the use of a powerful bat- 
tery, taking up very little space. The apparatus consists 
' J rod of a length to suit the height of the burner, to the 
rer part of which is fixed an ebonite lube an inch and a 
f in diameter, and 8 inches in length. The tulK divides 
3 twoparts, which are shown separately in Fig. 74, and in- 
closes the batte:y and the coll. The battery is hermetically 
closed, and has a disk B and a brass rim C on the upper 
end which form the two poles; when the two parts are 
screwed together these make contact with the two springs 
B and C. H is an ebonite tube inclosing and protecting the 
induction coil K, the secondary wire of which communicates 
with the brass tube L and a central insulated conductor M ,the 
ptnnt of which is near to the end of the brass tube. The 
currents induced in this wiregive a series of sparks between 
the tube L and the rod M, which light the gas when the 
end of the apparatus is brought near the burner. 

When the end of the tube L is brought near the burner 
;o be lighted, it is sufficient to press the button E from left 
to right, in order to develop a limited number of sparks 
Wlfficienl to light the gas. The effect of the raot'on ut '.'ws. 
75 
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vibrator is some distance from its contact, and closing the 
circuit produces no effect; the motion of K cau5eE a. mechan- 
ital displacement of the spring of the vibrator, which 
vibrates for some seconds, aod produces a deRnite numtier 
ol contacts, gi\'ing rise 10 an equal number of sparks. 
Oving to this arrangement the expenditure of electric 
energy required for each ligiiting is limited, and on the 
other hand the vibrator is worked mechanically when it 
would be unable to act if it were necessary for the current 
to do the work. The required vibrations being obtained 
from ihe hand of the operator, the iiattery is saved this 
work, and lasts longer. 

Fig' 75 is a form of gas lighter, which, although re- 
sembling that shown in Fig, 74 in external appearance, is 
entirely different in principle. It is in reality a small static 
machine, the plates being spun at great-speed by pressing 
the button sharply. As no ballery is used, there is nothing 
"o be consumed, and the whole apparatus being mechanical 
n action, b« long as the parts are not broken, it is an inex- 
haustible source of sparks sufficient to light the gas. 

All these lighters act well and render valuable service; 
they may be considered a namral and indispensable ad- 
' — t to domestic electric bells. 



Apparatus for Public Buildings. ' 

Among the most useful applications of electricity is that 
of Ihe instantaneous lighting of gas in buildings where 
many jets are used, as, for instance, in churches, theaters, 
, public buildings and depots. The system also proves ad- 
Vant^ous in large stores and offices. When the gas is 
tumcd on at the meter the stroke of a telegraph key sends 
an electric spark flashing from burner to burner, and the 
room is at once in a blaze of light. It is possible to light 
CTery gas jet in a large building within a single second. 

The central apparatus generally consists of an induction 
coil, with condenser, key circuit breaker, a battery, and a 
circuit switch, all conveniently placed io a wood cabinet. 

The induction coil must meet the requirements of each 
'sii^le case, so it will give a spark of suitable length and 
Tolume. Many of the coils which are sold for gas lighting 
lot made properly, and give a long but extremely UActi- 
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uated spark, so that the current, instead of passing throuRi 
the entire circuit of the burners, is apt to jump across anJ 
leave some of iheiD unignited. With a coil properly coi- 
stnjcted, there is do likelihood of annoyance from the 
jumping of the spark. 

Instead of an automatic circuit breaker, a hand key is 
generally used. In this way the time for applying lie 
spark is completely under the control of the attendaAC, 
wbicli b of gjeat importance, especially in theatera. 



1 
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The burner, Fig 76, consists of a lava standard and tip. 
with platinum -pointed poles placed over the tip. The 
poles of the diHerent burners of a group are connected in 
series to the snitch of the central apparatus, so that the 
spark passes across all the burners of a group. After ignit- 
ing one group the switch is turned to make contact to a 
second group, etc., until all the groups are ignited. Each 
group of lights has, of course, a gas key near the central 
lighting apparatus. This key must be opened before the 
gas can be lighled; the individual cocks on the burners, oE 
course, arc kept open all the time. As forty or more burners 
may be sometimes connected in series in one group, a 
strong induction coil and a very high e. m. f. is required to 
give a spark of the necessary length. 

It is hardly necessary to say that the fine wire coil of the 
induction apparatus is in seri«3 with the poles of the differ- 
ent burners of each group, and that the coarse wire coil is 
i:onnected In series with hand key and battery. See Chapter 
XX .W on induction coils. 
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not as reliable as good indutlioti apparatuses. 
1 represents a friciLonal gas liy;)i tins machine mth a switch 
connecting to four groups of burners. 

Chapter LVI. 
Apparatus for Residences. 
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; a stop-cock, so arranged with a pa vl and spring that 
e pull of the chain turns tbe wheel one notch (orward. 
bringing one of the gas-ways of the gas-cock in direct line 
with the burner gas-way, thus turning on the gas, and at 
the same time, through the electrical connection, lighting it. 
The next pull oF the chain turns the ratchet wheel another 
notch, and the gas is turned off. See Fig. yS. 

7ae^/fliHP(Brfu«/.--The plain pendant, Fig. 7g, differs 
from the ratchet in that it does not operate a stop-cock, but 




simply lights the gas after it is turned on by the ordinary key. 
This burner is especially useful in stores, or in Ihe kitchen, 
where the ratchet-burner is not necessary, thus materially 
reducing the cost and the possibility oE the gas being left 
escaping where the burners are subject to the use of igno- 
rant or careless persons, 

Argand burners are fitted both as ratchet a 
dants, and they differ from the common burners o 
having argand instead of the ordinary burners above'the 
stop-cock. Gasoline burners can be fitted to light by elec- 
''"city, also. 
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The Aiitomalic Syslem is that by which the gas is lighted 
ind extiajriiiEbed from some distant point by buttons placed 
in the wail for that purpose, and consists of automatic 
homers, Fig. 80, and push buttons, Fig. Bi, or keys, for 
lighcing them. In the automatic system, electricity not only 



lights the gas, but 



on and off. This u 




:5 the slop-coci: 



pMshed by electro-magnets, govern 

tf/ a lever, operates the p^s-cocli; : 

ture moves in one direction, the le 

and turns on the gas; and when the ai 

aSaa direction, it turns off the gas. By pressing the 

White push button, Fig. Si. the gas is lighted; by pressing 

Ibe black button thegas is extinguished. This system is no' 

adapted for universal use in houses, for in most -^iasKs,, t 

— * ' '■ f. the pendants are nmt\i 1 """' 
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e lighted by buttons placed at the front door or by tbe 
hamber door, or one in the cellar, with push buttons or 
eys at the head of the cellar stairs, or at some convenient 
point in the cellar, or one in the family chamber, to t>e 
lighted from the bedside and chamber door, are all lunuries 
nmich, after accustomed use, tiecome necessities to house- 
hold comfort. 

Chapter LVII. 
A Novel Automatic Burner. 

a novel automatic burner is shown in Fig. 
ning the helices, four in number, 
P, are shown; the four, by means 




no. 83.- 



I of the iron disk, K, constituting two horseshoe magnets. 
I Tlie anniture. J. is suspended beloiv the cores by means of 
[. tfaeTBlvestem, H, whicti is attached to the conical vilve, 
[ O. When a current is passed through two of the helices, 
-e Js raised and rotated to the Lett ^i»n vW'^ 
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n indicated by the dotted lines, bringing the recesE, d, 
;r the hook, e, and when the turrent is broken the arraa- 
e foils upon this hook, locking it and holding the valve 
above its seat, permitting; egress of the gas. The spark-pro- 
ducing mechanism referred to above consists of an arm. U V, 
bent at right angles, and passing through the wall of the tip 
socket at V, and terminating over the valve at W, the point, 
I V, canstituling a valve and valve seat, the spring, i p, at all 
times pressing these two parts together and keeping Ihem 
gas-tight, and at the same time pressing the two platinum 
sparking points, U T, into contact. Therefore, when the 
" " t lifted it reaches the termination, W. of the 
W VU " ' ■ - ■ 

consequence, a vibrating action with a continuance of 
sparking results as long as the operating key is kept closed 
with the finger, as in other burners for a similar purpose. 
To extinguish the lighted gas, i{ is only necessary to close 
the circuit through lie other two helices to the ground, 
when the armature is lifted and rotated free of the locking 
hook, and dropped when the circuit is opened at the key. 

It will be sc^n that the valve cannot tie possibly opened 
by accident; that on account oF the extremely short move- 
ment of the armature, but small current is required lo op- 
erate it. and that with the same amount tasualiy employed 
with automatics, this burner will have far greater power to 
overcome any tendency to stick through deposit from the 
gas. No springs, or parts requiring any odjustment, arc 
found within the burner. 

Advantages claimed for this automatic burner are; In- 
stead of the valve-operating mechanism being outside of 
the gas pipe, it is contained within it, thereby obviating 
friction due to packing of valve stem or springs to hold 
valve in its barrel; instead of using the traditional rotary 
conical gas cock requiring to be lubricated and held firmly 
to its seat by pressure of a screw or spring, an extremely 
small cheek valve is employed, which, in opening, is simply 
lifted from its scat one-sixteenth of an inch; the armature, 
but one being employed, instead of making an extended 
excursion, has for its maximnm movement the play of the 
valve, to which it is rigidly connected by a valve stem, and 
the armature motion is a double one, it being first attracted 
upward to open the valve, and Chen rotated horixontully so 
I as to engage a recess in it with a stationary hook, thus 
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sary to energize a second pair oE helices, when ttie i 

is raised, rotated free of the hook, and then dropped into 

its normal position, closing the valve. 

Chapter LVIII, 

Connections of Gas Lighting Systems. 

The gas is lighted by the electric spark, which is caused 




:e of the spark. This self-induction 
ir spark coil muse noi be confounded with the induction 
»il as described in Chapter XXXV and as used for gas 



secondaty coll. the spark-coil < 
cal bobbin having a central ire 
of large wire, about number I. 
teryaod bumer are connected 



tLV. 

isists of a primary and a 
insists simply of a cylindri- 
core surrounded by a 
B. & S. gauge. Coil. 
There " 






V or inteiTUpter attached lo \he ^^axV »:&. 
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Fig. B4 shows the method of connecting the battery, 
coil and automatic burner. Use number iS B. & S. gauge 
heaviest rubber-covered wire for leads, and on the gas fix- 
tures number 2t B, & S. gauge triple-covered wire, of a 
color to correspond with the color of the fixtures. 

Having laid out the shortest and most accessible n 
for running the wires, run a wire from the zinc pole of the 
battery to one of the binding posts on the spark cotl; 
from the other binding post on the coil run a wire to '' 
nearest gas pipe in a cellar, closet, or under the floor. 
the pipe clean, being careful to remove all corrosion; then 
uncover about three feet o£ the wire, wrap it firmly around 
the prepared place and solder it fast; this gives a good ground 
connection. Be sure to use a gas or water service pipe as 
"earth," a water waste pipe, for instance, may not rui * 




the ground at ail, and of course could not be used i 
"earth." A gas pipe disconnected from the meter is o[ n 
use either. The milallic connection between gas pipes and 
meter are often very poor, and it is advisable to bridge ovtt 
the meter with a piece of wire whose euds are soldered tr 
the street main and house service pipe. 

Run another wire from the carbon pole of the battery to 
the center strip of the push button, Run a wire from ihe 
right hand spring to the lighting wire of the burner. Run 
another wire from the left-hand spring to the tuming-oS 
wire of the burner, which will complete the circuit, and the 
gas will be alternately lighted or extinguished tipon press- 
ing the light and dark buttons. 

It is clear, however, that if Ihe battery wire running to 
the burner should get grounded on the gas pipe, the battery' 
wouJd be sAorr-circuiled and run down in a very short time. 
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To detect such a fault the following plan has been devised: 
A soft iron armature is fastened to one end of the bobbin 
and connected to a bell and a local battery as shown in Fig. 
85. If a ground should occur on the fixture, the battery 
circuit would be closed ; armature A would be attracted by 
the soft iron core of the coil and close the local battery cir- 
cuit at contact point C. This woula cause the bell to ring 
and attract general attention. 

As very often the same battery and coil are used for 
many lighting circuits it is advisable to have every circuit 
labeled and provided with a little switch. When the bell 
commences to ring, the faulty circuit can be easily detected 
by opening one switch after the other. The one opened 
last before the bell stops ringing is the faulty circuit. In 
this manner only this one circuit may be 'left out while all 
the others can be used. 

It must be borne in mind that the alarm bell will ring 
every time the gas is lighted or extinguished, consequently 
the bell should be placed where its sound will not be an- 
aoying to those usmg the gas lighting system. 




ELECTRIC HEAT REGULA- 
TION. 



Chapter LIX. 
Electric Heat Regulators. 

We have shown in Chapter I. how metallEc 



ther. 



n be used as fire alnrras. Their application to 
heat regulation follou's at once as a natural development. 
Id such sj-slecns they serve as the actuating device to set 
other apparatus in motion, which in turn opens or doses a 
damper of a furnace, or a valve in a steam pipe, or opens 
or closes a ventilator. Various forms of power are uliiiiied 
in the apparatuses that do tlie actual work. Electricity 
may be employed through the medium of an electric 
motor, Ihough considerable battery power is required; com- 
pressed air is sometimes used, aod even water under a head 
can be employed. Clockwork is nlso utilized. The ther- 
mostat, however, is the prime agency, since upon its action 
depends that of the power that actually performs the work. 
The adjustable therraostat consists of two strips of dissim- 
ilar metals, or other substances, which are riveted together, 
and which espand unequally under varying temperatures, 
as shown in Chapter I.. 




i illustrates an adjustable thermostat. T is the 
slriij composed of two different metals; A and £ are ad- 
justing screws. It does not matter, of course, in what po- 
sition the thermostat is placed, whether perpendicularly or 
horinonlally. The figure shows the thei mostat in a hori- 
zontal position, but in practice the instrument is more fre- 
quently hung in a perfffindicular position like the ordinary 
thermometer, 

Tbe thermostat is placed in a room where a cirrtain aver- 
age temperature is to be maintained. At this temperanire 
~ "ViSO^/naKiwM adjusted tbati' ""' "" --'-■-—--■- ■ 
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\e aoon as the temperature falls tbe strip 
will twist in one direction, and make con- 
tact with adjusting screw, ~A; if tlie te 
perature rises above the normal, a ci 
tact at B will be made. These conta 
are used to olo^e a circuit and operate 
either two different electromagnets or a 
little electric motor, or other de^nces, 
The armature of these magnet* or n 
is directly or indirectly connected with 
the damper device. As soon as the 
temperature is again at its normal the 
theriDOStaC opens the electric circuit, 
the moving mechanism of tlie damping 

3 device is stopped or reversed. A ther- 
monieter is frequently attached to 
thermostat. 

Fig. 87 sliows a combined thermome- 
ter and thermostat, the latter part o£ the 
It being indicated by the bind- 
t the tiottom for the ' 



Tlie sensitiveness of the thermostat 
may be regulated by limiting the space 
between the two contact set screws, 
which move horizontally through the,- 
binding screws. 

A practical way of adjusting the ther- 
mostat is as follows: Hace the combinea 
thermometer and thermostat in thi 
which is to be kept, say, at 70 degrees 
Fabreniieit. . Heat the room until the 
thermometer shows 70 degrees, and then 
set both adjusting screws close t 
thermostat, leaving on each aide the space' 
of the thickness of a piece of vr"*' — 

Eaper. As soon as the temperatur 
slow oc rises above the normal, the ther-.- 
mostatic strip will be twisted and mak* 
contact with one adjusting screw. Th« 
advantages of automatic electric heal 
regulation are many. Not only car 
Ik-K dwellings be kept at a uniform tempera- 
'/* ° ture — a necessity from a sanitary ^TO*.<!i 
view, foi it^stante in 5\iAi ■voooss^-'wa.'W 
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Fig. ii) is a diagram of 
B and C being the connecti 
tact at A will send (he current 



such a device. A, 
in direction through 




direction, 
■other way. 



Rt-TULATOR. 



and revolve the armature w it will open the 
intact at B will send the current in an opposite 
evolve the armature, and hence the dumper the 



RUNNING ELECTRIC WIRES. 

Chapter LX. 
Proper Installation. 

The mosl important part of any electrical apparatus 
placed in houses is the proper ruoQing, connecting and in- 
sulating o( the wires. 

The apparatus itself may be perfect, and still innumerable 
Iroubles may be caused by the improper condition of the 
wires. If a call bell does not ring when the button is 
pressed, if a burglar alarm sounds a warning at the wrong 
-'--- and fails logo oft at the right time, in ninety-nine 

out of a hundred the atlendant will find that these 

sarprises are caused by the wires which are either poorly in- 

ilated or not properly put up. 

It is worth the money every time if one purchases elec- 
trical apparatus to purchase the best and have it set up and 
— ■ ' - operation by the best skilled workmen, in the most 
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. thorough and scientific manner. These men are generally 
' found in tbe employ of the large electrical companies, who 
rsc, are responsible for their work, 

early all the departments of domestic application of 

I electridly, described heretofore, number i3 or 16 Brown and 
iSharpegaugc wire is used. This wire is generally double 
Wonnd with cotton and paraffined. It is called annunciatrr 

K'lre. This wire can be bought in almost any color to match 
^^ e £Olor of walls or ceilings. It will answer in all dry 
locn; in damp or moist places, wire with a perfectly waler- 
VQof Insulation should be used. Dampness on non-water- 
ftouf wires will cause leakage o£ electricity to earth, exhaust 
he battery in a very short time, and destroy the wire. Tbe 
~ —'-ion of the wire must therefore be perfert. and should 
1 be tested tjefore an installation Is vonsiilered 
t. The method of testing is treated in Chapter 
i.XVI. 

S^tiees in wires if absolutely necessary shouldht maAt 
^^ the fashion of the lelepaph spWcc, V'\^. ip. 

9": __ 
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It is best, however, to solder the splices. Do not apply tape 
to bare wire splices; either solder splices and tape, or cover 
well with paper and then tape. Tape will corrode and rust 
bare splices that it comes in contact with. When acid is 
used for soldering, the joint should be thoroughly cleaned 
with an oily rag before taping it. 

Parallel wires should be kept at a distance of at least one- 
half inch apart. They are often fastened to the walls or 
ceilings with small staples. Never use one staple to fasten 
more than one wire. It looks better to "fish* the wires 
under the floors, above ceilings, and between the lathing of 
the walls. Great care should be taken to avoid the abrasion 
of the insulation to prevent leaks or crosses. It possible, 
keep the wires away from gas' and water pipes, metal col- 
umns or girders, to' avoid grounding. Extra insulation 
must be put over wires where they touch metals. 

Chapter LXI. 

How to Fish Wires. 

Punch a hole through the plastering at the required posi- 
tion, being careful that there is no studding at that place 
Use a brad-awl, and cut the hole large enough to set in the 
push button plate. With a short length of small brass 
spring wire, push through the opening a few inches of num- 
ber ig double jack- chain, such as is used for general fishing 
purposes, first having connected the end of the chain with 
a piece of heavy linen thread. Run out the thread between 
the laths and the outside wall until the chain touches the floor 
beneath ; move the thread and locate the chain by the sound. 
Bore a hole through the base board or floor, as the case may 
be, toward the chain. Use a two or three-foot German 
twist gimlet. With a small brass spring wire, bent at the 
end in the shape of a hook, fish for the chain and draw it 
out. At the other end of the thread attach the wire and 
draw it through with the thread. Passing under the floor, 
bore a second hole through the floor as near the other as 
possible. Run into this a piece of snake or fishing wire, 
which is 1-8 X 1-64 inch steel wire, with a hook at the end, 
until it comes to an obstruction. Locate the obstruction 
by sound. In running wires under the flooring, first care- 
fully examine all parts and find the direction in which the 
beams and timbers run, and run the wires parallel with 
*hese. After locating the end of the fishing wire, see if the 

(ruction is a timber; if so, fin(jl the center and bore froai 
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the m*ddle diagonally through it in the direction of the 
fishing wire. Drop the jack-chain and thread through the 
hole; fish for it and draw it through hole number 2, attach 
the insulated wire and draw it back Starting at hole num- 
ber 3, bore hole number 4 diagonally through the timber in 
the direction in which the wire is to be run, making holes 
numbers 3 and 4 form an inverted V through the timber. 
Run the fishing wire through hole number 4 until it meets 
an obstruction. If at the end of the room, bore through 
the floor, drop the chain, fish it out, attach wire, and draw 
it home. Putty up holes after having done with them; or 
in case of hard finish, plug them up with wood. In lightly 
built houses, it is often found easier to take off the mould- 
ing above the base-board and run the wire under it. In 
such cases care should be taken to break off the old nails, 
as any attempt to drive them out would cause a bad break. 
In closets and around chimneys it is usually found easy to 
work. A mouse or lead weight attached to a string may 
often be dropped from the attic to the cellar ceiling through 
the space outside the chimney. It is well before starting 
on a job to carefully examine the whole house, and find the 
easiest places to run in. When necessary to take up car- 
pets, be sure and put them down again r.s quickly as possi- 
ble, in order to reduce to a minimum the inconvenience to 
residents. 

Chapter LXII. 
Wiring Fixtures for Gas Ligliting. 

Where it is impossible to run the wire between the gas- 
pipe and the outer shell, run it above, if the fixtures are 
overhead; below, if the fixtures are low down, and bind the 
wire close to the fixture with fine thread, being sure that the 
sharp corners will not cut through the insulation and event- 
ually cause a ground. Shellac the wire to the pipe, and 
when hard remove the thread. At the joints or hinges con- 
nect the nearest set points by means of a wire loop of suf- 
ficient size to in no way interfere with the action of the fix- 
ture, and wind the insulated wire around this loop in the 
form of a spiral. Great care should be taken that perfect 
insulation be obtained, and in all such parts the wire should 
be covered with rubber tape. In running wire between the 
gas pipe and the outside shell, the same care should be exer- 
cised to guard against grounding. To pass the rings and 
other sections where there is not swAoxeaX. s^^^^^Xsrk.^ 
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through with a small monkey drill, or punch a hole with 
the brad awl, or file off sufficient metal to allow an exit; if 
necessary, run the wire through and over the obstruction. 
Rubber tape must be used wherever the wire passes near 
the metal of the fixture or is liable to touch it. 

Chapter LXIII. 
Wiring Elevator Annunciators. 

Care must be taken to have the cable swing freely so that 
the cab will not interfere with it. Some slack must be left 
too, so that when the elevator is clear to the top or bottom 
of the well the cable will not be pulled tight. The usual 
method is to suspend one end of the cable midway between 
the top and bottom of the elevator well, and run the other 
end of the cable to the bottom of the cab, fastening each 
end securely, and then splicing the wires on to the conduct- 
ors of the cable. 

The battery is usually placed in the basement, and the 
wires run along one side of the well from the end of the cable 
to the battery and push buttons. 

Chapter LXIV. 
Best Time for Wiring. 

The best time to wire a house is when the builders have 
finished boarding-in and not yet begun lathing. The cost 
of wiring at that time is very much less, sometimes not 
more than one half as much as in the finished structure. 
In houses already occupied, the inconvenience caused by 
putting in the wires is slight. Little or no dirt need be 
made; there need be no hammering and pulling away plas- 
tering, laths and floors. The most expensive finishing 
should in no way be injured by the workmen. When the 
job is completed, and well done, it will be difficult to discover 
evidence of the work having been done. 

Chapter LXV. 
Extra Insulation. 

Sometimes it is necessary to run wires for a distance out- 
doors. In such cases the wires should be fastened to porce- 
j£un, hard rubber or glass insulators. No smaller wire than 



RUirNJNG ELECTRIC WIHES. 



95 



F number 14 B. and S. gauge should be used outdoorE. 
'Smaller wires are too easily broken. 

In eonducling wires into houses, great care musl be taken 

to prevent rain follow ing-them. The wire should be fastened 

„ to the inaulator below the point where it is iatended tcbbe 
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led through the wall or a window frame, so the rain would 

have to run up hill in order to follow the wire, Fig, gi. 

An extra heavy insulating nia.tErial, such as rubber hose, 

porcelain, or hard rubber tube, Fig. 92, must be put over 

s wires where they pas3 through walls or partitions, or 

4rhere they run near metal pipes or girders. . 




e cases it becomes necessary to run circuits under 
Perfectly waterproof cables, with a metal armor, 
jld be used. If the earth is used as a conductor, great 
- ihouIJ be taken in getting a good ground connection 
described in Chapter LVIII. 

Vheo a very high e. ra. f. is emploj-ed in circuits, as tor 
Ituice, bi multiple electric gas lighting systems in fjabUc 



¥> 
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buildings, the insulation should be the very best and heaviest, 
otherwise the electric current will puncture it and leap across 
-from the wire to the nearest object. For running these 
wires on walls or ceilings, only porcelain or hard rubber in- 
sulators must be used. 



fText. ElAvXn, Qhi. 




FIG. 93. — HARD RUBBER PIN. 

Fig. 93 shows a hard rubber pin insulator. The 
base is screwed to the wall, the pi-n projecting about 
three inches. The wire is then fastened to the top of the 
pin. Very thin bare wire, about number 26 B. and S. 
gauge may be used with these pins; this will make a neat 
looking job, as the wirs will be almost invisible. 
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Detector Galvanometer and the Magneto 
Bell. 

=r, Fig. g4, it 

d for testing the insglalion of the w:ri 

locating other faults. The detector 




„ a compass, mounted on a coil of wire. An 

declric current passing through this coil will deflect the nee- 
dle of the compass, as has been explained inChapterXXlIl, 

' i^' ~» ■' -villcausea grcaiecdeflectiQnoftheMedle 

^ as the current is forced to pass a number 

{ of tunes under the needle. 

In order to lesi for insulation with the galvanometer, con- 
■ett the galvanometer and the galvanic cell in series, Fi^;. 

^ 9S. ■'xJ connect one wire, starling from blading post A toa 

" ' i pipe or water pipe — and. ttit wbfct ■; * 

>n 
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fromflto thewiretobe ttstedforinsuktioo. If the 
deflecls, the wire is grounded ; if it 
the insulation is in %oa& condition. 




a -1 and Blara. niinute before testing, and 5ee whether 
cell and galvanometer are in good condition. In conned' 
' "he wires the insulation must be carefully removed and 




. . fire perfectly cleaned by scraping with a knife or bj 
»«i)bing with a piece of emery cloth. Connections ni "" 
A iays be made vnlh clean metallic surfaces. In the Si 
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way k break in the circuit can be found. Cut the circuit in 
several sections and connect ihe ends of each section to A 
and B. When the needle deflects, there is no break in the 
circuit; if it does not deflect, the circuit is open. 

Fig'. g6 Shows one form of portable galvanometer, com- 
bining galvanometer, battery and wire. 

Very often a magneto bell, Fig. 97, similar to that used 
as a call for telephones, is employed for testing. When the 
bell rings the circuit Is closed; if it does not ring the circuit 
is open. This is all it can lell, while the detector galvano- 
meter, if properly handled, can lel' very much more. A de- 




10. 97. 



tector galvanometer can 
gels out of order, and a 
where circuits are to be tested. 

The galvanometer can also l>e used to test the battery to 
ascertain whether it is in good order or not. If, for instance, 
one good cell will give a deflection on a certain galvanome- 
ter of say 10 degrees, tills may be used as standard for 
testing other cells. 

The magneto bell shown is an altermiSing current mag- 
neto and will very often mislead the one testing, as it 13 
liable to give false rings by reason of the peculiar qroQer- 
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ties of alternating currents. A direct current magneto is 
now manufactured and is to be preferred, as it overcomes 
the defect mentioned. The armature of this magneto is 
provided with a two-segment commutator. Instead of a 
bell, a buzzer may be attached. A galvanometer may also 
be used in circuit with a direct current magneto. 

Chapter LXVII. 
Tests for Faults. 

For the guidance of those who have to test circuits or ap- 
paratus for faults, the following suggestions are offered: 

1. Iruulation of Wires. The manner of making this 
test has been explained in Chapter LXVI. If the earth 
is used as a conductor or as it is generally termed, as the re- 
turn, the wires connecting to earth, i. e gas or water pipes, 
must be disconnected before this test is made, 

In fact, in a new installation this test should be made be- 
fore the earth connections are made. 

2. Breaks in the circuit. See Chapter LXVI. 

3. The call bell does not ring. First ascertain, if there 
are more than one push button, whether the bell answers to 
all but one push buHon, or to none In the first case the 
circuit leading to that one particular push button is broken 
and must be tested.. If the bell answers to none of the 
push buttons, the source of the trouble may be in one of 
several places. 

a. The fault may be in the. battciy. — Disconnect the 
wires leading to the bell and push buttons from the battery 
and test with the galvanometer. If no deflection or a 
very small deflection is obtained, the battery is exhausted. 
As this may be caused by the breakdown of one single cell, 
when the cells are connected in series, disconnect the cells 
and test each separately. If a fault is found, renew the 
battery. 

b. The fault may be in the bell. — If the battery is found 
in good order take down the bell and attach it directly to 
the battery. If it does not ring, a connection inside may be 
loose or broken, or the adjusting screw of the vibrating 
bell may be turned back, not making contact with the 
spring, or the contact points on the spring or the adjusting* 
screw are bad. 

Tij§fhten all connections, change the adjustment by means 
of the screw and scrape contacts clean. If this does not 
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remedy the fault, the wire on the magnet may have come 
in contact with the iron frame or may be short-circuited 
by moisture. Test each part separately by means of gal- 
vanic cell and battery. 

c. The fault may be in one of the wires leading from the 
battery upward. — If both battery and bell are found in order, 
and after connecting the battery and putting the bell back 
in its place, the bell will not ring, one of the wires leading 
from the battery to the bell is broken. This break must 
then be li>cated as described. 

4. The battel y always gets exhausted in a short time, — 
This is generally caused by poor insulation of the wires, 
causing leakage. The circuits should be tested for 
grounds. 

Sometimes the bell will ring for half an hour or so with- 
out pushing a button and then stop. Pressure on a button 
will then not cause the bell to ring. This is caused by a 
short circuit between the outgoing and return wire. Such a 
short circuit, of course, will exhaust the strength of an open 
circuit battery in a very short time. This fault may not only 
be found in the wires, but in the push button itself. 

The ebony push may stick and cause the two springs to 
remain in contact, or the push button may not be fastened 
well and the screws holding the push to the wall may short- 
circuit the wires, or in pushes with metal covers the latter 
may touch both springs. A good push properly put up can- 
not cause any of these troubles. If the earth is used as re- 
turn, grounding of one outgoing wire will of course cause a 
short circuit of the battery. It is therefore advisable to 
reduce the number of these chances for trouble by always 
ijsing one insulated wire as a return instead of the 
earth. 

5. The bell does not ring as loudly as usual. This is 
caused, of course, by the weakening of the current which 
may be caused in various ways as explained. A bell should 
not have too much battery as this will cause too much 
sparking on the platinum contacts, and burn them' very 
rapidly. 

Disturbances in annunciators, burglar alarms, gas lighting 
apparatuses, etc. , can of course be traced in a similar way 
to that described in this chapter for call bells. 

If one buys reliable apparatus and has it put up in first- 
class manner by a reliable firm, he will not find any grounds 
for complaints, and wMl save the money he would othMTwiit 
spend on repairs 
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Chapter LXVIII. 
Bell Hangers' Tools* 

A bell hanger's outfit should include the following: 

Insulating tape for insulating wire joints and covering 
wire in places where tacks are driven to hold wires. 

Tags for numbering wires at the battery and switch- 
board. 

Double-pointed tacks. Their use should be avoided how- 
ever, if possible. 

Brass spring wire — Eight inches for fishing. 

Steel spring wire — Fifty feet for fishing. 

No. 19 double jack-chain — Ten inches for fishing, 

Brad awls for punching holes through walls. 

Bell hangers' twist point gimlets — Three feet long, for 
J^ inch and 5-16 inch holes. 

Drill for drilling through metals. 

Rat tail file for filing holes through fixtures. 

Wire — A general assortment. 

Hammer of medium size. 

Screwdriver of medium size. 

Handsaw of medium size. 

Keyhole saw. 

Ratchet brace. 

Flat chisel for taking up floors — sometimes called a 
"persuader." 

Combination handle, with a set of small tools. 

Detector galvanometer, or 

Direct current magneto. 

Chapter LXIX. 
Wire Tables. 

There are four generally recognized systems of measure-' 
ment of wire in4:he United States. These are: Brown & 
Sharpe's American wire gauge, the Stubs or Birmingham 
wire gauge, the Old English wire gauge, and the New 
English standard gauge. 

The Brown & Sharpe wire gauge has been largely adopted 
by American wire drawers and its use is so general that this 
has been the gauge referred to in this book. Page 103 
gives useful data of both bare and covered wire. 
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Kesistanck and Wbight Table. 
The resistances are calculated for pure copper wire. 
Good American wire averages abont 97 per cent, of the 
conductivity of pure copper. 

Bare Copper Wire. 
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Approximate Weight of Insulated Wires. 

Brown & Sbtift Witt Cause. 
Braided Office Wire, 
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Chapter LXX. 

■ 

Specifications for Wiring a Hotel. 

Following is a set of specifications calli'^g for the com- 
plete equipment of a large hotel with an electric annuncia- 
tor and return call system, elevator annunciators, gas light- 
ing apparatus and burglar alarm. Architects, builders, 
contractors for wiring, and house owners, can advan- 
tageously study them as they are designed to call for the 
best materials and construction, and thus serve as a protec- 
tion against the use of inferior material, and the employ- 
ment of poor workmanship. 

Office of Buildquick & Co., 

Architects, 
Chicago, Dec. lo, 1888. 

Messrs. Bell, Hanger & Co , 

Chicago, 

Specifications 
for furnishing and fitting up at the Grand Hotel in Electro- 
ville, the following named apparatus: 

1st. The electric annunciator and return call system for 
680 guests' rooms, 4 entrance doors, 3 parlors and i ladies' 
ordinary. 

2d. . Electric bells and annunciators for 4 elevators. 

3d. Electric gas lighting apparatus for office, dining 
room, outside newel posts, 3 parlors and 5 private offices. 

4th. Burglar alarm for the 4 stores on Harrison street. 



1st. The annunciator must be of sufficient size to make 
connections with the 688 rooms, etc., as specified above, 
and to have 112 extra drops for room calls, which may be 
added in the course of time. The return call system to 
ring from the office in all of the guests' rooms throughout 
the hotel The wood cases for the annunciators to be made 
of antique oak wood, from designs'fumished by us. All wire, 
put in the wood moulding (which we are to put in the hall) 
to be double covered number 18 annunciator wire; all wire 
fished behind ihe plaster or put underne«ch the lathing or 
floors, or above v»;ilings, to be ^umber 16 kerite braided 
wire. 

2^. The annunciators to be of sufficient capacity for 7 
Boors, In regard to wood cases and wiring, see specified* 
mxx^ sub, J. 
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3d. We require electric gas lighting apparatus as followsr 

Office — Total 210 lights in 5 circuits, as shown in plans 
for multiple lighting. 

Dining room — Total 260 lights in 7 circuits, as shown in 
plans for multiple lighting. 

Four outside newel posts — Total 40 lights, in two cir- 
cuits, as per plans for multiple lighting. 

Three parlors — Total 180 lights in 6 circuits, as per plans 
for multiple lighting. 

Five private offices with one ratchet burner each, as 
shown in plans. 

All concealed wires to be number 16 heaviest insulated 
kerite, braided ; open wire for multiple lighting, to be bare 
and put up on suitable insulators, clearing walls, and ob- 
structions, at least two inches. 

4th. Burglar Alarm. — Connect all windows and doors 
of the four stores on Harrison street, 17 openings in all, 
with the annunciator, to be placed in the hotel office. 

The burglar alarm to have all attachments and latest 
improvements, such as continuous ringer, silent test, bat- 
tery test, etc. In regard to wood cases and wiring, see 
specifications, sub. i. 

The bidder will inclose with bid illustrated descriptions 
of all the apparatus he proposes to furnish, including bat- 
teries, lie must also state how much batter}' is required 
for each apparatus. Prices must be given separately for 
each of the 4 specified systems; also price for renewal of 
one cell. 

We reserve the right to reject any or all bids, or to accept 
any bid that, in our judgment, is the most advantageous, 
whether highest or lowest. 

Proposals not complying with the tenor of these specifi- 
cations will not be considered. 

Sealed proposals will be received by the undersigned 
until 12 o'clock, noon, January 2, iSSq. 

[Signed] Buildquick & Co., 

Architects* 
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